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OSB r X I f X C A f B 
•au»i«d •• cjoiftRiSDtxos m tm stmt of mifiB xm 
r«»«ar0h irark «f lir* fionlv QMAt 4«m ttoter mr Sttpn^Tlaioiw 
A 9U?t «f thU nvrk lm» Alr#»d7 bMn MMMiyttd for p«ibUoaUo&« 
I ftfrttMnr Mrtltr «!»« tU mrk of tills lOiMiSt ntlMr 
pHTtly or fsUjr laui m% ^MA •«&•!%«•& t» a«r otlmr imtlfeiitloa 
£«r tte MMTA «f iuoar o^ir 4««rM, 
HEAD 'A(T^U //C:i^ 
A C K H O f L S D G K S I B K f 
1 iiKli ^ i^oora v^ intebtsdaiM and a <lMp MOM 
<lf tfTAtitiidit to I3r« la^  A« Batlmit Dtpacrtneat of Ifhttauaitloat 
abltt mtA «K9«r« g«idai»« X ooald offiOMioosly ooapltto 
Wew vorlt ftiaa irbloli Attbtc^ aftnldy Ud to tlM eoa^l^tlon of 
tbU tbi«ltt« I fraokljr adalt ttiat Imt f«r his palmtaklag 
•«9«rfi«iMi mnA ooMtaat ]»«ii iatir«8% dtriAg tli» •ntiro 
$«riod of voMorobf i t noidLd not l»t« boon poooiblo for • • 
to ooooa^Uoh thio look of groot ]ro9SPUoii« 
2 oloo oloh to offor ogr oimoroot tlnalni to Frof« syod 
Idaolia QSdwroitgrt ^ Ur^rli« for irovidiag zMOOOoory fooiUtloe 
in tbo dofojptooQt ood lilo onootspnmpBOBt to M* 
f iaa iyt X OKyrooo ^r •mtltodo to l*t» Frof• li,A«loote 
Qfldor vbooo MVtroioJLon 2 hooo Qoap2.otod tte doiTM of 
HMitwr of Fbilooopbar* Aloo* 2 oloh to ooknovlodgB ogr tfa&iihi 
( XI ) 
to » • Wkt— Alv i fior typing ttm ttitaia vtor/ cmr^fsXVr 
AnA iMAtttlfiXljr* Wwetttoft I •« iprattfia to t l i i t t t lv«r«l l r 
tktA aot lK^ i t lM oc^oBiriiid for wmBP4ing m$ ttm I»&v«rai1gr 
_iX-^' 6- ^^'-
3 i^{.HcK> -^-k^^ gxgei. ( aoiw o u r ) 
sffoasY Of ?tg f ^ s a 
«Bt}oai«ti %te r«iHiXt9 ^ iovtstli&tlons oavritd oot )«3r M 
AUffirb (Xadla) nfl&ts' tim •«t9«riri«loa «f lar, U, A»?a%lmii» 
In tim jiHr I976t Sxton ([;;ol pvttUslita a tioolc on 
Miltlplt t^VVitoMtrio tonotiofit in «iUUib IM A08»ibl«d 9X1 
tiMi r«o«n« r«Maroh work on tlMM fuflDtloos «hoet SM in 
•oi«i»« nM taohaotegr t»B lw«n fPMitly inor«M«d« 3ino« 
Ihtn nuMToss papers lior «uv vorlnra in tfai fiald imf btan 
pililialiid aaft tbi thionr taaa bc«n oenaiAarabljr «x%tntod« i 
WBbcr af admaoaa hana biian aada (tapcaiAilj in iranafer-
•atlona et iurp^rcMMtrio foaotloaa af tae and awra variablaa)» 
wbiali aaggtat 13»t tl» tDaery of tripla mA quadra^a l9p«r« 
Ipioflotrio faasUona ean ba #raatlly astandaA asd ^ » t tlia 
iraaalliAg tl^ory wili Infa oonaidarabia iapaet on %lm 
aaS^aota Hbut arlgfmlly aagsaated the axtonaiona* 
( I I ) 
In th« ptmi%tA work, tbt fts^lMr ttpUree ti« iat ir-
oofuiiotlona of 1 ^ aunral Aottblft* triiftft aaft qoftdrtis];* 
IqrpATiiQMilrio foBDtloiMi introdttMd lif !iftirio#ll* (251 # 
srimslam |463t [4t]» ttct»a 6.9]f l««lmn |>2], A»i«U [X] 
aiad SM9* d« f tr i t t 0 ]^t rtltfmwf tiitir «xpanBl»iiitMM»tloiMit 
iKiuisforaftUonsi reAvotioni ftad f&VM ^)«oial fonw of tteir 
ittt»ir«3. r9pr«0»Qtatl9ntt, 1% i s •bovn bow 1 ^ oaia rcanltay 
ooatiiiitA In tlam pcmmak wcftk ar« rtlr^^td to a nnftir of itamm 
rmvXtB of ttat mxrUm aatboro BttralmU and dmnay, MiUMJt 
OKrlaon> Ittoat liMrXoscm Savaa« patfauk* arimotomy &• u« 
TWlo tbMio eoBidots of oovon otei^tire in all« ctepttr i 
rtoilii vltli ooMt tnuiofiynsBfttiono anS rodaotkion foii^ mlMi of 
I)y9«r#o«t1rio f^tttiooo of tlroo iKarialOao, in whiob \^ 
tXooNitWf MHiH^Uofi of florios and ia^gral roprooon&atlon 
of ariwatam*e fomUon F^ '^^ vo obtain oo^tral a a l t i ^ 
lcr9«Pf9tc«»trio traooforn&tiono am tholv rodnoiblo oasoa 
faor Bsiiis ooao known i*oftiata of aailoy (^t9)t ^lastmtk [9S]* 
Srimstam (^9]t BaisviiXo giTjt l^tfean (29] and Carlson 0 ^ . 
Bfinn Aur 
• t W M A » y 
• t • f g « i i « M i taMiMil* Mlkt t f lMM* fa i t v t i t i 
t a i « f t v * ctepiMr** I t e f t t v t «lMptMr ilir«» H M t M « f 1 
UAwmmHm t f H M M r l l » r vmrlr te t l i l * f I s M . A • H t i M l 
t M f H w P t e a w t r t » up "%>»!<••• • o s M l t s i MHTMgk a v s t l a U * 
J«Bf««l9* HM u t M f l t toytsr i M i l * with t iM t»—•ffffcstsi 
«» tH« i H « M t o a t t « i • f • » — » % — vttfe «»l|%«i« «•!« «l i i l« 
t iM ttiivi «kaft«r i M » r t l « 4 • tp—tpspfctt—itHs ictoniiMitftsa 
• f w m t w i %|r firf«gftll«l« IM tk« fMnrtli ofctpWr l i r e M H i W p l i i 
• f gfcwtU «§ l«pf«gMt« i yapsff* f t <—tri%tt «kt l« tli« •#!••% 
• f M r f M t M i t t « • t M itiri—tigT«»>y • f fkMMl* hm 
Lwmmtimml grMn ««l«t«lsa«toa IMM i « « i w n g B t — i M M 
t » M t i i w » t i i f c i l f 1 f ^ i i n i — t « r t « l i • t r « H w n i l K U w l — i 
• f ttMi MgiBto Mi9 i iMi»« H M MpluMts hm htm « i tk« 
9tHpll9tl|rf MMWPMIf M A yVMlteftM* H§VMpi%MM f^ MW Ml 
lflpOT^M% (MHrt(ft€Mll IpPtMjp •# MP||Mlt# MtfHT OW^HMBlMl* A 
(U ) 
If A t f t t 9«tf 9«tf 7 M , |wl|f««iylM« glFMl t i (S«Mi««t«». 
y p t y i t m f • ) ll«i* SMt 57O9 $76f 77i» • tanHiwuliMi— 
t l i t t i lyMlatot tlitocl3f««It« Ml«» %MM|rlMnwi^t« M«t l« M i « , 
«•!« to p f t w m t f Milf«rt« Mt4« 1M Mtli«« t« MMtt tvv 
«M pfmim tw laii¥l«ii«l afinwrtli» i n * Mftiio« has ¥ • • • 
« t i l t M « Mia ly fM* t te ap—tro»littMtri# i a t M v l M t t M at 
liifii MlMatmr ir«tt9i% wmfmpUmm^ llMi Mt lMi few* %••• ••%•««•« 
«t Mf««p%«M •£ •lapl« s t rMtw** f i « flsalSTtt^al tuptrtwm 
liMi %««ii ««v«l«p«4l %r i«t«niltttig « • • fTMp la ^trolMMi 
trwrtima* f te attiiad I t M t fMr «IMI Mat la • «• 9 tA 
(•MtMaiac apfHraiiMtalr 3 m ! • * * im J m UT^) t tHU •••pawn 
tifeia la a mmll %aflkar« Ta U f a vmra aMa« t «1 af «( aalyMia 
aaU aai t • ! af 0«M aalfarta aoti aalatiaa. 11M taaattaa 
•Urtata «aa iiaata« aa a %m% f lata t i l l a l l vapaara af aatar 
af tar UM% baatad aa mi%w %a«k far 90 «laa«aa« itftar 
illagf 19 al af aatar vaa aMai aad thM traaafana4 ta a 
ataaiari flaak af 19 a l •»« aa«a i^t* tka aaik with vatar, t« 
aaa tiMa Irapt far aaa haar aai itaaiHaaaa aaa aaaaawi at TOO aa. 
9ka raaatiaa ta %aaao aa tiM aatiaa af mm graap wttli aalyMta 
aaio aai tha %laa aalmr pra—aaa ta prapattaoal ta tka aaaaia 
trattaa af ^m fraap* flia faraattaa af %laa aalar ta »rOa%ly 
4aa ta tiM raiaattaa af aaly»0>aaa(TI) ta aaaa laaar aalaaar 
atata* 
( t i t ) 
«H«ffiilMU«B t «r«i i« i %r f r r« ia lU« M 1 « « MUra lMt tw i 
• f MNMtaa ff«U inyrtMiBt Mtnly %mtmn • ! I t s «• • to a^mAm 
VMHitovs* flM • • r l i « r MtHstf* art v««li«r tot«ff«t«B«MHi» 11M 
p t < f f t wMPft • • i i r t — tn* dcralapMat t • •tii^l« «•#*•« far 
(ite iHMnniMtitB •£ «rMit«B %•••« « i tlM y M t t t M cf « r«H ia ( f I ) 
v i t i ffvcgallto aeii t« glv« • r»It«wtiib • io lc t • • I M T Mrtvtttiftl* 
to t S i M r i • l ««k0 l« « M < M U I « « i s M i M t t V * m» M M t « t « « to 
•tovitv** vast*/ A tto^^ sf totovtsfvasM « M • ! • • • • « • • A 
• M i l MMMt aff a m r l attrsta (9 • f i jig) «aa tokaa to a toai 
Ulto, to tota vaia aiia« • a l at tO)l 9yri«allto aal« aai t « i 
af %M aatfarta aatif aftor Aaktag aa« toaa kaaitog aa vator 
%ato at 9t*e tor i f alaataa • rtllaaiali r ta lat —Imr m§ akaarva«, 
Attar aaaliat aa« gflatlat vtto aatar tola wm aatraatai to 
taaaiyi alaakal aM tiM i i taattoai «aa aaaaarai at tka ayttaaa 
aava^laaftli (MO H I ) . 
fha toartk ahaptar iaala vitli Uf totaatftaa am§ 
^uraaatagraplito aaparattoa af pfcaaala aa papara ivftataatag 
vtto torrta lqrito«ito» fiiaitattag ^t^w akraMitatffafiqr af^aaa 
pinaala iMa \%m fartotaai aa fapara taptagaatei vtto torria 
liy^raalto to aaraa aalvaat ayataaa* A wmiiuw wi aaaljrttoally 
tapart aat aaparattaaa tonra %aaa aaHlavai* farr la iQFiiiaatto 
alaa aama aa totaatar mA toa aalarag WfpmU ara i»aafira« 
( V ) 
t^ «• ! • • • •# 9li«Ml»« tilt— i fs tM* fUtfir m cwwllMit 
«tf f«f«i t l i l MlcvtlirtV WiMvis ^niwB fli igls« ti 
l i te »i«tiMp>wnl M i 9-«l«t»pli«Ml ««vt ••fMmt^i fi«« 
Is f i i t « • ifctrt t tM* to tlitt vtr tte Mr f t t tMt f ylajr « 
tapwrtaat fol« «• H M thwittgi^piy #f pitaai». 
Ciir ) 
«ttii««t •yrartat «qr • l lMr VMgMti tiM 
tim W f t w i fftr aMcsMttf tk« Mavwt t« iMifki wt tt mm 
tli« f«rrt« iiiriraKia* f*v«r» ••tag • t i ^ l * > f • • • • •ftttwe «i4 
tlNMi f aeM^v* • l«« i ••Kvatiaa la • t ter t iarttt iM* A v«tr 
• U M M^MPttUMI • f <<«4l«plltlMl f fW >4l«faitlMl «• • atlllfiVti 
Mta t 0«tll l l iM j * ll«qr fjmmr m4 «Mt«m«i!r • • p i w t t — 
IMW* • ! • • %•«• •A t« r« i Ml tk%m pSfMrst P»rH« lisr«r>Mit«« 
y p t r t IMVMHM t M • • • p a o f — vf tk« gyot « i i w e > f a 
tfttltac «lit«k i t •••MMilr tibwmr99€ vltk plcta pfwm te •i«pl« 
•• Ivwil •sr«t«at« Ptrrt« Hytfrtsti* l«t«c • «««fe iaart«ai« 
iim w w i n f r ifcin Mit t t t tT i t r t — w i t v tHoM fb«»«i« ^ toh 
•fit vtaklr i«itM4« fUt* fat t tiiw« t i l * %Mta far aaparattaaa. 
Ifta f t f t i alMytar «a«la v t t t t te affaat af iaaia 
•arfaataata aa t te aiifaaaiagffapMa aaparattaa af plMaala* 
H M aaa af aarfaataat affaata tlw tftatrllatiaa af ilM aalato 
•ataljr aa Urn tarfaaa* (^taitaa iaiaar> aalfata Mf aatjrl t r t 
aatlqrl aaNalaa tea«l«a taala aaiffaataata vara aaa« %a ata^r 
yapar afcraaalnraplMr af t9 |*«aaia ta aiapla ^rataaa* 
aiaiiaa tailaala tiMt tlM aatara af t ia aalvaat ajrataa 
affaata « I M aavaaaat af ptiaaola*)^  ma i^ valaaa nm aat aaah 
•f faatai %r Mtk aaaaaatratiaaa af aaiai alaatealytaa I lka 
aaitaa aklariaa m4 pataaataa %raMlia* fartkar aara taaraaaa 
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Wfi0r or trnn timrmfMmm m mamuin§umt9 






i i t f Of wmmunmm 
ft« MMNPWIfWMBfRIO BMRIMdQMVMI IMP MME H&MSUIIT^MI 
irra mumae mn, 
Jm%m « I « M U lailMt (Im i»MNi)« 
• ifMTwnofvMnpiiio UBTIIIIIIUVIOV or nyiiiONCTEi wiTii 
mooAUse ACIO* 
9« iifiOfioH MKfi oraouifoMA9flnto mMSMPnii MT nomott on 
psAffn nfPVMWAfoo vmt fsutto rniMioiiii* 
BM»#, Of Ob«N« (Owwlortoi)> 
^ p V v v ^ v v 9 v « A^POTa-V i ^ p w v v ^ v • * ^ ^ • iv ^^H ^IPHHVPVP*• VwOOf^nvfl^vi wrapv^OTM^v|»^PVO 
(in ) 
fAim • f witiopt pos m infictigt sn nmnnaiAnoii 
•r ommic emmmm lAtni m fimevioiiAt. 
•MNrr. it 
Villi • n m»Munmm or oMMie towviiwts Aontfii 
H FAVm INPMIMJITID VITl IW nRaUNOiM* it 
VAiur • III ipfiof w mvnmc jmt9 n m immiiiiifiMi 
or fotwfHiuwi oLicoL nmrnArnkentn 
N.i.fU. 95 
TAiu • I? ifPieT or toifvitc ietB ni m imMiiiAviMi 
or roLWTHTUWi OLieoi. BiNiaeArTOAeBTAfi 
VABUK • ? litllWIiritflOif or rOMBWHTUBIt OLVOOt 
BlMiOBAPTOAOlTAfflS OF m r m M V NOISCOLAI 
VBtflRTS ^«ir«)* %0 
riuns • n wnMtKAviON or v o u B f R n m oueo i . 
n(9-MnBArrorBon<iuvis) or Dirrtmn* 
NOIXCVLAII VBTORVS (N*V«)« U 
ffiiiii « v n nmnmiMinoif or mfleArr^w* m 
tjmm • v i tx n r u o A i i mnmimnnmm or rotmmnniE 
otieoL mmmMpfOMBgfun N.v.foo* 4f 
f AMU • I I nRimnuinoi i or MtoeAfvo oioor ni pmouni f 
rtiionaini n m eAiiMUfioN or fiiioet.TDoue 
ten. 4i 
(nt) 
fAtti « XI nrvief or mnoAUie iiets ni i n atiXMiiuu 
ItOX or WUSKtL XSTXAIX* ff 
vittis » XII xnvcrr or tiarmne ACIB nr m wtxiHiiMtioR 
or oxMnrt imiufft* jf 
fiiiui • xni MrrucAft BRtiafnurioMi or vwmn, mtwm. m 
ffMux • XI? 1^ TAunt or IOBIOU O« rxxue wnmnm 
rAmMi IX wAtn, tonoi xmit t (in, ••m, 
•««N)» oooim mmnm^ Ausmm^ AUOXOI. • 
wmm (t i t ) ttfiKHi, i t 
MMXAfioKf or wmnmM itexxtfxx ox muse 
xiMoxini riMPXit, n 
ly YAURS or mmmu n Mfnmm oso •ntni. 07 
iMu • xni 1^  lAuxs or mnioix ix in^ n^ wt eriix xisffgN* 90 
^mut m xfin 1^ nifiio or msmtj ix DK rxcMPJint. vitx txi. 99 
t t tu • XIX Xp YAixxs or mmmM ix %# mor^ xoL vifx toi. l i 
fiixtx • XX 1^  fAinn «P fxamt ix iK raoriiMoi. m x no , 99 
1^  TAUM w fisKoix n fH m i^WM. vifx •&•• lot 
Xp TAUKs or finxoix nr w$ wm»smL VITX mm. tof 
fiixtx • xxin xr XAIXXS or rxixoix ix «# notioi^ viix OTAB. too 
tiixix « xxrr x, fAtxxt or yxBRiix » iH rwiriiiioi. vifx OTAX, i t t 
fixiK • xxn 
Cvitt ) 
lAt t i • n r i p TAunm or rmmmtM nt til rmpAiioL 
vtfii m/m» 114 
tMur «. rnn w^ TAISIS or fnoRUJ ni o*oe9M iiioi 
nui tm* It? 
fiitur • i m i i^ WAtxfm or mnioiji tw o.ofM vifii •m. too 
fittts • nrnn i^ •Atms or rmioitf ni o.im MOI wm no* tt) 
VAMB * m i • , tAum or fMRiMf IV o,»i iteei vim IM. i i i 
vAns • m ip rAiDts or fnmoii ni o*0i9f nr 
VlfSI OTAB* itf 
9mu • i m 1^  TAiiiis or ranoui ni ••OSH o r vnn 
OPAS, 158 
f ABU • WMXi M^ •Atsm oT inoioiA HI o.iii O r v i m OTAB, 159 
fABiB . waan B^ VAunit or mmoLs ni «••» o r v i m OTAB. tso 
fiUMB • H B V iSrABAfftOHi OT fBHIOtB AOBIBmB IB 9$ 
wm»Mmh v i m OMIT^ nB« u i 
VABiB • m r m«AiT OBrMunoMs or nnotB AOBIBVIB 
m OK rtorABot v i m OMRIT^ OBB, 149 
t u f i r fMWtt 
« t 
nmm • t 
flOUM « 9 
- f 
- T 
ftomt • • 
m m • 9 
flSM • ! • 
CM) 
wmnwm or u s t eouNoo HOBoev. i t 
eAUMAffiQir iiAiB9 or poumnruwi OLICOI. 
0IMIN5 AfTOMSIT AfM « ) i 
OAixniuinov OB^Mt or f o i a m m m OUOOL 
Mi(9N4atiBArfononoKM'M)» 97 
OAUBBMROir OIIAHI Or MMBTIAIIOL MOm 
fnooueoLATC* 90 
eAunAfioN oiAfB or mmivnmmnnkue A c n , ) • 
OAUSBAnOR OBAiH OT MRtTUWROArfO 
iieiTTO i«TB, 90 
OAUiBATIOli OOAf« Or nfMOVOUeOtXO ACtB. 9i 
eAUMutnoN OBAffB oT iBiooueoue Aon. 9f 
Aiioiimoii i n e n m or ymuanm fiourr 
vtfH mooAUic AOf» Aim io&roiie Aei»» 99 
AifoiiiAMeK or gfrpiwiwt AmoMVf or tnuvn* 
IRTIAft AT 9iO • • nr MOMWWIWJlli mOOIBinNK, 97 
WTBOf or OM ooRMEwnyinoH OR BM TAUWI or 
mmoLB tv rAnooB ooMraanAnoK or toMiM 
OHiAnM. i n - 4 9 9 
O H A P T B B . X 
ZHTBODUOnOM 
9t MlMW«* KstAlittaMiit •# tiw mmlkmim mt wmrtmm» r M t U « M 
CM f«fMil«ti«i »f tlM f—fl—aUii I«v» of •iiMitstffT IMS l«vg«l]r 
k«Mi Urn** m «li« r«milt« ^f •k«al««I atmlymim^ I t fia«« 
••astMit «9t l l««ttM itt t«oiHMil«i3rf te«««tfr» »titoltt«» 
•CVlMiltwti u—l9Krf •rlvt«»l«g3r M4 atbtr f ields. n « 
i^M«l««l MMlysta ! • •ffdtimillr «ivl<«« tat* faal i tat iva Mialjnit* 
mA «a«ittt«tiiFa aaalrMa* 1li« faailtattva «aalr«t» 4«alt «it6 
t i l* d« tMt iM at aaaatitiMnt* ar aaifaaaaf i^raaaat ia a 
uaapaaad mr Ma^Ia viiila «aaatitativa aaaljraia dataniiaaa tha 
ytayartiaaa ia aliiah tiia eaaatitaaata ar tiia aaaaats mt tlM 
aaaatita«ata ata |Mr***at« 
•ayaratiaa ia mamt af tha aaaaa* ia aaa af tka iapartaat 
pfatraataaat aattiatf far taalitativa aatf faaatitatira aaalyaaa. 
far M aaaljraia aaat fara af pratraataaat af aaai^Ia ia aaaalir 
ra«aifa« aa M ta raaavi iatarfaraaaa af atluir tal^ataaaaa* 
Saparatiast * Taraatila fara af pratraatamt^ iwralTaa alaaaiaal 
«Ml aadani tatfHii«a«a« t^a praaipitatiaa aad tftatillatiaa ara 
tiM alaatiaal taaliai«aaa aad ara rtflaaa« aatliadly %r aaaara 
taaiuiifaaa aa •alraat aatrMtiaa» iaa^aaabanga altraaatagnfkf 
«a« alaatiapliar»ata, tHa rapid daralapaaat af tkaaa asdava 
o 
c 
tMiHii«M« h— iaof—A i f MiwtrMMits pU—4 %m «Ml3rtt««l 
fiNi MMt l tomt i i to b« «•%••%•« or ««t«i«ia«« acr »• 
frcw iMffMiie mw •rgmdt m^mtam—m m€ «li« mslyvi* 
••mspMkiiQgir kMMi • • iMf f iM i * ar • t t M i e «Miri>i«. 
Ia0ff««Bt« auilrt is l iM W M 4«v«l«f«« to MUkllshy l« iMnqr 
• • • • •» i ip«rt«it tmmimmmUt 1 « M at tfe«*riM 9t •liMi»«ty, 
NMt af «IM MMtiMia «P» tiralgllt f*ffl«MP« M i til«Vt i» IMS 
9f«»«blli«y af • ! « • rtMttwis* fli« • • t i i r t of laattMitft 
•iA»t«M«« ! • t«v*nMi ^ • wHiwr •# M l M t l v * M i •p—itU 
M M t i M * Mi» tll*f«f0ff«t •1»Mif l« l^ M i M l M t i T t t r *>•• ^MB 
0t« i l« i is fff*«t«r i«t«i l« 
Org«ii« MMlytts • • to« atkar k M i , i««l« vitii t M 
•iV«ite vMttlOTi* vlitoii AM vMcltr •l«if«r tawlvlag M M 
M M ^ M M«hMtM M i wltli gr—fr pffiiMUIt«]r af a f i t M M t i M i * 
N M * « M af lMa»l«iM« M r l M alMf aiBlUMr »Maf lMr i r Mn^tMis 
MsiMBtag M M f M t t t M a t gwmtp a n aaM altira aiiMlaatlr ••#« 
IkaMfaMt «>»• elrtMaa aM M M oaaplM. aMavar* M M M U T 
tha a i t M t i M i a tMMViag aM taiagr* a lai«a aaMar af Malrt ta* 
akMtata aM aaaiyiai to toa iaMlapMut af artMto aMifala. 
999r toa laat toMa iMaiaa toaM haa ^aaa M 
latoMat to toa M a l i af ai«Mto Malyata ^Uh aar %a i i v l M i 
toto toMa cMapai ( t ) alamitol Malyato, ( t l ) toMttaMl gnmp 
o 
IjmUf mA (lit) mUkfU •t •m»mma» is«ivt««allr. 
Bat at pff*M»tt tuts l0 • ! • • • •••ftol t«elHil4«« M t i glvM 
Mily tii« f«ff«Mi«at9 •# mtHk mtrnt pw—nt to H M »—pauai, 
iliMi tlil9 MMl]r»i« ! • frt^ttMtlr m—€ t« eoaflm tlM K^ntltjr 
• f tlHi 9f««Mtt anlalr hf esiHott iqrirogvtt MMiljrslt* 
%F i«t«niUilag tli« frntetlMi*! gtwip* IMIS %••• r^ottfatt^tf • • sort 
•iTMitag^M* • • t t ! • fcast^ « i %IM aalaevl** 9t tk« p«rti«8l«r 
tjriM at tb« eoapawM* ry fw—ot t« givMi far tli« ««%«ff»ta«tt«ii 
• f • • aivfl i i* taapowid bjr faaatlMial tv^*«9 r*tii«r t l iM ia 
• iMmital CMilrita %«0«««« «k« laaatlMial gfaop g ! • • • «or« 
• iMrMiar ia t l * fta-farMiloas «li«i «li« • ! • • •«%• • rmotioaal 
gfWip MMljrata a lM •Itataatas th« vMHirtaistr vUleli •xlstt 
is •l«««tti«l Mialratt «ii«B tk« praatiaal r t M l t * ifo aat aatafttda 
tiM tiMarttlaal «•!«••• At pr—trnt^ t M f l«ia af faaettoaul 
graap aaaljraia ta iMlng davalaH^ ' t • rapid rata* 
ffea ia^r taat aartc aa faaatlaaal graap aaal]rala hm» 
%aaa raviavad Iqr miaraala aag Na (t)» g«stggta ( t ) tag 
r.T.vataa (5) . 
flM giraat gataraiaattaa af a aaapaenat la a alstara 
•^ • • t f t * iWMtlMis f»r U M f«rlt««l«r •>Mpwii«t> fa ••rtsta 
• • • • • viMVt •^•oifto ff«««tt«i« •!<• sat anr«ll«bl* tli« apptvaoli 
••MBtS i t • f y i M M f t t f f i t — • %• • •« • • tkt« glTM 
tiM AtWmiaatiMi • f • •mip&mtmt ! • • S M ^ I * rtmtly «il«««« 
vttb •tli«r Mit«rlel»« f M iirta«lr«l ttoliBtf— «••« tmw thi9 
MM rait«trM«r tMtel4««s« flM • » • • • » • — f t » t—t ia t t— 
ia«Ui«« MMlMr aatfttAtl* f t w i B — t • « • • spMtrMitiiTf 
«ltmn»il*t« tafrar^tf cad •i»i%l« •^•^' •^ ' ( •^••• trT* flM 
• l i twtagwpbta attlMd* taaltiit p«p«i^ f ^ t a layvrt «•!«•», 
• I—twufcrwHit t f pliy Mitf ! • • •lirwNit«ti«|iir* Tii« • lMt r l«« l 
••tt«A« aalttty «t*4 far tiita pavpaaa art j^latatrapliy, 
¥alta—iiy aad ipiffaa>»iy» ilM tlw raitatraaar taaimtfaaa 
taala4a aatalsr tlM iaatapla tftlattaa aa4 tiM aaitvattaa 
aaalraia* ttvaiy taakat^aa tiaa e** t ta awa aarita aa« «a«tHta« 
flia aaaparlaaa far tiia fmr99m af faaatiftativa aaalsrala la 
%aaai aatalr aa aaaatttlittsr aai aalaettiritr* 1%a aaaaittvity 
af a Ma i^a< fivaa tlia •fataaa aaaaat af a aabataaaa ra«iita« 
far i i a MaatagfUl Aaiamlaatiaa, akila ttM aa laa t lv i^ ftvaa 
a ar l i taa l • ! • » f»r tha «a«amiaattaa af a partiaaiar ai^ati 
ta yraaaaaa af tlM atliara* 
mn iwlMftU to ^Miil««l «uily«t»t irii«MV«rt tlMy S M 
•pylt«alkS«« f M • • • ttf MMii •MtatvMS ! • • t i l l m&t g w t f l t t i 
fmr M g w i * «i«lr*t« %•••••• t f • i ^ i r sf lt«tMtft«M» 
wkM a limAU^ wmtmr 9t • • • p ! • • • • • ar m i««tvt«Ml MHptMvt 
i t t« %• «««M«lMd at •Bimmlr Urn i i M i t f t t — » 
•» «li« lMf*ft« M a U la MgMta Maljraia* Oat at tlMaa 
tiM aaa af apaatvapkaftaaatfr < f f l t *4 te Tlat%la lagtaa la 
f rafa ira i kaaaaaa af I ta aivi^llaitr aa« ta a varr aatUkla 
taalMittaa iili«i a M l a r ia i f c a a i f ^ a parttaaUr taaatt—» 
iOiaarftlon a»aatwptiataattty ia baaa< apaa t l » faat 
tkat Mf f t iaat aabataaaaa iiaaf% ratfiatiaa af a givaa i lnaiaaj 
ta «iffaf«a« astast I .a* aaak aa^ataaaa IMW a akaraatariatia 
aftaarftiaa apaatias* f i a appaatauaa af a —imr la ««• tm 
a^aarpttM ia tka viai%la i««iaa af tka apaatmi. Ai H M |«9t 
fav i taaiai tlM iatalapMat ta tkia t i i fci ltai hmn kaaa fatr 
aataaatva* 
Altfeaafli aalMPtaatria aatlM^a af* taiac t ia aarllaat 
iaatraMatal taaiHii««M| l a t avaa ta«ar tkif f aoaatiataa ta 
W aaa af tua tap naktai aatfea«a h—mm af iaatr avavait 
•t i i t tgr. nm— Mttete art b«M« f m i M M t a l l y m tiM l i i ^ t 
•ft«vl»tnr« f» • piqrtioist I t «•«§• t« aatamln* Urn —Imr — m 
99%9r mt(%mh tmr tiM Mapl* fa tafwi af afaivaltfat • t laal t* To 
a rtitatat f t wmmm ta 4a«aa« aatf «»tafBiaa tiM mmlmr famiaf 
• < i m n i i » Hiwafart «ba tata vlatbla •ptatraybataaatty is ta 
aMii aMga at ptaitat %r tta akaaitta la plaaa af aalarlattvy. 
ealarta»trr aaa taaafattatf aaly aWat ttfO« rraa i t fo 
ta 1900 tkaia apptatatf Ma» wall IHMMI attHoia aataly far 
iBait«ata aaalsrata %at tha yiagtata aaa ala»« lataraat has ba«a 
itatlatad la taaattatfc aaatafy aatf Oariat tlM laat f«v <aaaia« 
astMwtva witk Um \—m ««aa aa aalarlattrta tfataivlaattaa af 
• O i l i a t t e af laaiiMiia aa« aft*ala arifla« la tiM ftald af 
aiiaale «Mlsrai» M M * baifta aa< taaiawa liava iMaa t ^ t a t a i 
iafftag taaaat yaara* H M tiaatlaa hf taalt aadi toall (4) kaa 
baaa a alaaata baok ta t l i l * f t a l i tm§ tka baok M t l t l a i 
•Batawteattaa af ania ia teanBaii* 1 ^ F , r . l^ lM (3) rairlcva 
tiM ffataat aailr oa tba baata af faaattaaal gtaay aaalrtia* 
I t v t l l %a aartlRrtitla ta aMittoa a I t t t l * aaaat tHa 
yrtaalfla« aa aliteli tba •paatrai^atf i t r iq tfataialaaiiaa af 
6 
•ffl«it« t w n m a * i t %•••«• MMB • W« i mt l i i k t ta i ls §» urn 
i*«»i%lBi a tWHal t tk« n t ia t toa Is O—ili»< bjr tiM i*»«f%ifii 
• • t « r l« l t« tiM fMM sf dtwr»t« pMit*t« of «Mfgr • • l l«« 
f«t«tio««l« vi^fVttMMl ami alaetflaal •mmwgfm Is tk# vi«il»l« 
ragtoa (tlia t«f I M ftatwaMi 3tO Mii TtO « • at t te a l — t r f i g — t i a 
apaatfwi) tiM Aaaryttaa af alaatrlaal aaaffirt •alalrt ^^99 
plaaa ta tfiaplaaa aa aatar alaatiaa la M M «alaaala« f M 
Aaarpttaa ayaatnMt alMiriag tlM akaarptiaa at dlffafaat 
vavalaagtlia liaaa« aa ma aatara af tlM «iiaaf%tat aatarlal , ta a 
faaatlaa af tlw attaataia af tka aliaai%t«f aaVataaaa ta taraa 
af apaaifta %aa<a» tfca paaiUaa af %aaia» mtm* Staaa aa aattaa 
i^aatiwi v i l l %a faaad la tiM vtai^la ragtaa aati^  ttMiafaiat 
tkta ta a paar lagtaa far tha t«a«ttftaattaa af aaiataaaaa* 
•aaavar* tiM aalaattaa af aa atttaaa vavalaactk aaa %a aaM 
fraa itoarpttaa apaaltua aaak tiial tlM aatartal af tataiaat 
tlb9w(b» Itgftt at tkta aavalaagtii ta a aaaiaaa (MT ta a gfaatar 
astaat)* At aaah aavalcactk tka ataai^aaaa v t l l ba affaatatf ta 
a laaa astaat %r tli« tatarfaraaaaa pwmi*9€ tkat tlia tatarfarrtag 
aol^atMaa «Mai% at i t f fafvat vavataagUia* H M ikaarpttwi t« 
tba Ttatbla Mgtaa kaa a lat ia aaagattaaa (gtvtat titglMr aatar 
alHiarpttvtttaa) aad« tlMffafafa« tftlata aalattaaa aia aia^aata 
ta ttta rattaa aad a i r ^ appttatf far faaatttattva aaife at 
traaa Mialrata taral* 
• f tk« Mt lwi * Bt«r*« law (•? B««r»l<MA«rt*9 I m ) rtl«%«* thm 
*Mf l i «M« vttli •MMMtratioB l|r tai« i«l«ftt«i •ttli«r A • IMM or 
A • -ew^ fflMVt A is tk« a%Mf%«M*, • t i a^Mrptlvity, ^ la 
bvamnk H Urn M i l la vklaii a«lMtiaa fa plae««t C la tba 
MMattimtiaB ia gwmm fr l l t ra t -« la tHa aalar abaarptlTlty 
aat e ffapraaaata tha aalar aaaaaatratlas* ! • a ganaral vayy 
a attaiglt Itaa fa iktatead aa pl«ttlag abaafl%«Ma agalaat tba 
aaaaaatratlaa* Ilia «avlailaa fiaa «ha atralglit l laa la alaa 
aMavvaa Wjraai tha raata at a^l laaMl l t i r at laar*a law* la 
aartala aaaaa aairti aallbratlaa wtwt— Imva alaa h—m aaad far 
«ataivlaatlaaa« 
flM aai^tr af aaalytlaal af^Itaatlaaa af apaatvayHata* 
aatiy la traljr aaaalag• flia aaapa af tba aathad aaa ba Jaigatf 
br aaaaaltliw tba baaka af Saa^all, taal la aafl parladlaal laviaaa 
la avaa jpaara 9t aaalytlaal abaalatir* 
fba aalaatlvlty varlaa gtaatly fraa aaa «atanrtaatiaa 
ta aaatbar* la taaaral tba abaarytiaa baada la tba Tlalbla 
raaga wa ratbar braai aad tba alaaltaaaaaa tfatandaatlaa af 
aavaral aabatiaaa by ttla praaatata la l l a l t a i ta tva ar 
paaalbly 5 aabataaaaa. 
l U 
%• kifli Md •rrsflv C M fe« M IKV • • 0»f t« 0«9Jl* f^ «•!« 
tfitf t M l t r t« M t •f UttrMMStal Mt«r t %«t ratter • M M l t 
• f v«rl«l i«i« in tlM tttitMitt*! eoatfittoii* l» •«oM««tlv» 
#9l«i«iwitlMi«* flM f^nMiloB mt o«l«r»« MiYi«t«M*« 9ttmk 
t f p t f t>y» toBta •tiwiuttfe •%•• aair •«§•• MriMis • » « » • 
imsf •# tiM rMMttoas • * • a»t rapti aid •mmmt»&mtly tk* 
fli« • f tMi l * eMipwnids MKT ^ • iMs i f i «4 tato tlM 











tka tapartaat aathada ata I ta ia i la Ulblm I far tiM 
apaatraiiteataaatrta datanrtaatloa at aifaala •m^mmim aa tha 
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1 m p m m II 
IG 
H » i — h f f a l tB«««tf3r i t MM ^f tli« «M« iysMtt 
iaaastritt 9i twMiti«tli ••ntttty. H M CMtaMiMtiM •# M M I I 
« M B t i t t o 9i »••»<—<• •# Mlfwr, rnqriMif BitrotM M < v»rlMi« 
• • t a l * is f r t i — i l y •M«nr«4 ia paiivlMHi t rMi i«M« Siilfvr 
i« vitftly ii»«ri%«it«i i» enid* t i l * Mimly in tlM tmwm M 
IqrtfrcgMi M l f i M t ••vMptmst thlMtterSv polyMlfidM* 
tlii«pbMMl« ma HiioplMMS* 11i«M >—iHwia» loiwr th« VMl i ty 
• f l i f l i t y««i«l«wi pmtfoQt %r wifavwritol* • f f M t • • •dMir^ i/vLot 
•OtMM f g f i V W M • ! • • W i t r M f HOapMHM* Art • ! • • fV»MBt 
is MMt •# th« y««ff«l«Mi prvaMtt* VWr IMV* g#t « i i»firoMri»l» 
•fffMit M gi» MttUBt aad ooltr t f tiM t i l * t «w of MM* «r» 
•• iai jrt t poiMAS* I f t ta l* I l k t iroBf •«i«<imi» aliiBiBinB •te« 
• N • ! • • fMM« ia yatralMa and i ts yvateata* fka patrolMa 
pivdatt A««ld ¥• I«vall«d • • tlw %««i« af aoviaBiaatiM* 
llMf«fi»r*9 * ^ MtaatioBf d«t«fl«i»aiion M M Mpantioa af tiMM 
i f a r i t i — ia af faaiaaaaial iaparti 
•avalafatat af ilia aattiad far t M iatafwiaatiaa af 
•ata^taaa •• iaparitiaa aad tbaa ayyly tkaaa aathatfa ta 
^atvalaaa iatfaatir « i 11 1M at gtaat aaa* 
flM attaaiioa an aalariaatiia iatavnittaiian af ntanian 
iMa baan vaiy aignifiaant in raaant jraara. laaiga iha aaa af 
ffaicaat aa l^diatan parasida and tHiaaranata tkava •¥• 
naw raaganta lifea t^rdmajr <ainalinal (49)» «ntaiaa 
1 f«»l 
JL / 
• t mnMUM U B is •%— tapMtMt i t r Mte t tM «r ktflMr 
•M»n»»fti— (Si)» NttiiM* wt ••pawn— f r w iBt«ri»ftag 
f iat mn %t Mij«r t«p*rU»««* tt« • • • la atwila w i t > w 
I M M M M tt« tap«rt«M« Mialr* I t «tll« Urnvtw, %• 
tMMfMl %• Mt • M t M i mt i«««fvlMttMi •# aff«Bi«« ia Urn 
4B taptfl—l intalapMBt irtiiah tMblas «iM • • • af 
i«pMr MfMrtttaaa M • ]»r«p«raitlip* M9«rait«i tM ia i fM M i 
ahiali vtt l tMa ta • • f w l t i ^ «to t i i^tai a f fMi* af yapar 
iliiiaalMfiptir Mt tw M i l u m •fcw—tigtipiiy «i payyg 
t a p w f f i vttli tw w w i n t t f » f M tatpMMit mia—wmmwf i t 
YMT •tapl«« flMM tiw Mr t iwf papcft •?• aMlU^ ptapatai 
%r traatiag «IM« vitk piaatpttattat aiaatralrtla aalatltaa 
iaa aftar ffea ^fHkm (99)« fha aapatattaaa atlitavai M tlnai 
papava ava vapl>4l§ aalaatftta aai alaMi aai avaf tlMHPa#avaf 
aataaitf iy at t i ia aaaljrtiaallr w i fitaalnataally lapartaat 
aapatattaaa* Hm tapariaal aaparattaaa af afgaata M*ati 
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H M appltefttifltt •# • • l l o l t e ! • gvenfiiii r«i^idly ana 
! • ItMwtMg ia«v««*tngl]r i«p«rt« i t to • • ! ! • • • Itt4««til««« OB« 
• f ^m tap«riMit ylMMama vf tii«»* Mik«tMM«« is tli« wmrti^m 
ftuwo—M» tk« w i l M s l * * • • tiM « » # • • • tflff«r f r « i tbo— in 
tlM tot«rtor« fk« mnrfMs^twisioB is tiM r tmi l t Af witttal 
iBt«ni»l«««l«r • t t f w t i v t t9Vf f f««Wr w i l l 1 M th« MirfM*- . 
titrnwivm • f f * l « r I t fvttf* • • ! • ««t«r I I M • ttlgli MirfMS-tmitlon 
«l i i l« MB 99l«r l i f a i M hmn Immr Mirf«e« ^ t«a«t«i« Tt hMi 
h—m kamni i l i«t MirffM«-W«si«i of «ct«r ! • d««rt«*«4 Vjr tli« 
M i t t t o a 9t —m • i g M t e • » » • • • • • • • (««l l9 i««)* 8«eh •«»«Uae«« 
• ! • • • l l « i MirfMM M t l T t M6*t«M«S. V^ttiMf Of •O lK Mirf«««« 
t t Ml toportMit M r f M « f i i M o » t « f • 
Tt «i]r l l fv i t f or coll4 par t to l * * • ! « 4t«9«rMd to vatort 
wm€ it mtr wri9— mtiyf MbttoMM l a totrodveatf « • • third 
• i i f ii«int» t i i ia Mirfaea aattv* ^mmpfmnA v i l l affaet tli« 
d iatr ibMtiM <M tiM Mirfae*. H « M « 9 tli« aoMMi tn t iaa of 
M r f M t w i t v i l l %• hif l i at tba aarfaea af tka aal and aa wall •• 
aa tba aarfaaaa af tka glaparaatf parttalaa. 
A praatiaallsr iaportaat aatf oaavaataat aatliod 9f atadjriat 
diatr ibatiaa ia abtaaatagraiilqr* A vavr iapartaat liraneb 9t 
afciaaatajtaptiy i a yapar aUtaaatagrafliy «*teb wm* davalapad hy 
Nartia aad tyaga (i9%0»%%)* rmfr ahiaaatasraphr at praaaat 
ia aaa af tka %aat aaaiqoaBtitativa ataraaathaaa ia aliaaiaal 
21 
«wljrsl«« fli« •fff«ei 9t Mr fMtMi t t on tUtwmftogjtfkf v i l l %• 
am iai«r««ti«t tts^r t« b« at^t* Sanet t l i i * approMli hM W»«i 
•|iplt«< h9w Ui tiM •hiiwi>latr»pli|r of ^ I M M I S * 
wfWpUmm e«lorl««trl««llr* 1M aaalTti* bee b««i appliotf f«r 
f«t i« l««i fr«itto»«« A • • i M i v t t r l e aothotf IUM %«MI #i««l«f«i 
f o r t l M « « t « f f V l M U « i o f « l M t M i ( n ) » f b « M t « « l l l l i « r ttf 
attiMia rti—Irod ia tonw of Maotttvi tr t M l M t l r l t r t Meaner 
• a i piaatsioa* 1k« laago tmr aypliaatetlitsr af B««r*« l«v is 
<t»waiaai MM tli« stair af latavfaiaaaaa aaa aatfa. 
laa awatiMga aiiiaaatagrapfcy Iwa feaaa ap^Itai far Uia 
aaparatiaa af pliaaala aai atair • ' aarfaataata kaa baaa 
aa «lia akraaaiafrapliia aataaaat af pbaaaU fa praaaaaa af 
alaatralirtaa* 
^^^ » ^ f 
KBy>IMWCM 
Jolui i n i ^ «B« »««•« lliw TeilE« ( t 9 M ) * 
t * • • t i f t t a * *p««tttlt«ttT« •fgaste (mmVfmlm • ! • foMittoiial 
tttM9«*t Joim w|l«|r aiMI S«i«, 1l«ir Viitt| (199%)* 
) • P,T»ir«lM« •Mt^ivt i iaUoa 9t • H M t e eMyooMat NttbM 
m6 ytM«^ff«*« Vtl«3r tBt* rMi«M«» I M Tofic, T.^ft (1970). 
%• P«l>,tMll Mi« C»T«8««11, •C«lor tMtr t« mitlio«* mt mmlff^ 
l»»r«i ]f»ttrMi« eaapMqrt Ine . * ]!•« Yiiflit, f i» l , t I tA (1967). 
9* r «» ,SMl l «iii e . r « S M l I , • e « l 9 H M t H e Mtbotf* of Mwlyst** , 
p«10% (1999)* 
«• m i , f a i 9 (1999). 
7 . m « , f a « 7 ( t999) . 
• • l«AMi««B, J«Oii«Cii«i., a , %17»i9 (19%9)« 
i » g » t r — t and iCcKollir, T1ii«t t 9 , 99i->^ (19%^)* 
9* m»««Ml l Mid e . n t M l l , V ^ U r t M i H e MtllO«« of MMlrstS*, 
D.ViMI WMtrMli C — p f » I M * , lllW T^fky VOl. t t lA (1967)* 
to* X,OH«t « « MBeiTt A M l * e i i « * , 1ft, 1919 (199%). 
t l « r« f i t ic l , *9po« t««t to • f l l« l l« «Mlsr* l t * , RlMTi«r 
pibll i i i i i ig •—p«gy, AMt* r i«« , 1l«« Ti»iiK ( i960)* 
i t * r»D«SMll Mid e « T * i M l l , "OoloHMtHe Mtlioda 9t «Ml3r«l««, 
n^fm KMtrMid Ciapiiiy, I M I » , Ktw Vi»fli, THIrd M . , f i» l« I f f , 
pp. l8t .9 (1999). 
U , m « , 9«90% (1999 ) • 
15* tM«» 9 t , 3 a 9 ^ (1995). 
! • • n U t 9«5M (1999). 
17* ll»JilmMB, X««,Kac«(mMi«iNi«l,R4i»9 t7« « 0 0 ^ (19«9)* 
18. • •NHtkiSMS M4 R«MlHi, t»gM t a p U . l f t i . , 115f 556-40 
(«9%%) 
•0«UI«9piB « « Ue.Cl«ife, MfUGUm.9 859 5%i*8 (ft99t). 
t9« 0,«Ml«r i lMfl , 8«it«MMI««MiiMlir«» 799 •99<»908 (1990)* 
A«89tttk«, Brt«.J.ffe«ffM«ol.9 %, 85%-9 (19%9). 
80. UWwlmMTt ilrsti«k« s . , 99 58.40 (t655)* 
C«r*8aiirloli 8M9 AMl««8«e«««iHn»rt«^lM« 38* 189-838 
(t95%). 
81* r j > * 8 M l l m6 e « n ^ M l l 9 « 0 9 l « r t M t H e Mtliod« •# Maljrsts*, 
8»ir«i SMtraMI Cii i iwy I M « 9 V « « fi»fii, Tbtrd Ed«« Vol.TTT, 
9*895 (i999)« 
88* r*l»*6Mll an« e . n S M l l y "e9l«Hii«trle Mtliod* •t MMlir*!**, 
8«ir«i KMiraad CMpaBy, I M « 9 «t« V»flt9 • • l . T T t (1967)* 
85* U8*NMMlMtt9 8iV«t 8*1 th M d Svtcr, ilMl«Cli«««, 88» 809 
(1990), 
8%* r *0«8Ml l amn C . T . S M H ^ "e«lorlM«rt« Mtbod* af • M l r s t s " , 
D.VMi !l»»tr»a« eoi9«iur9 Xae** !V«w TiMrtr, Third Ed«, T O I . T T T , 
9.78 (1999). 
89. TI1I8, 99«78«9 (1999). 
W$m r^figlf •Spot «Mt U or iMl« mmlywi**^ ElMvt*r 
yftfkUthliig g m p i y , AMUrtMit I*^ V>*k (I960), 
t 7 , t,B««wMtkiB and l>«0«ttlU%» ^.BMt. , Ttf 98« (t»96). 
! • • C^e.rMrter, Aaal^eiiMi.t STt tof*? (t9$3U 
•9* K*F«l>cfg«rlntf *AB eot l ta* of • i t « i t « altvot*« atMptM»<»*» 
QMirtrtity Utbo priB««rs rMtt«*«ff Mab (19%9). 
90. ••l l . tBtti i , ila«I«eii«io 59, ys^7 ( t960). 
Ojff.toitli, t«J«ffti«gs m« ff,««9iMHk, fbid, 9* t97*eoi 
(1961 )• 
n * l l«iUiM«U, S«9«Ml «i« ll«ltoth, ilMl,eii<ii«, 51t 10%9-90 
(1999)* 
3t« r«D«aMll «Ml C*T«8Mll, •e^UHwmtvU wtiioda • f MMlr^ts*, 
9P««69»99 (1999)* 
99. I.v«Gfl«t«, J .Biel .Chta, , 99» 89-90 (1991). 
B«J,lll«li0l«fl and 0«n«nrint ia.J^I'byvlol*! t99» I19*89 
(19%1 )• 
94« 9,W«ll,l«ig, BloelMi.JM 86t tl^^ofiO (1998). 
••ll«vUMf«fl« M4 0,To«i^««» i^WfUmmm.f 17«» U - 4 9 (19%§). 
lf»x#8allivaat V*0*B»r« «id B,v«ll»M»tf« J*Bi«l»Oi«i«, 
U9» tn^ (19«8)* 
99* V,ll«ia«Holi, BloolMi.J.» M , 9 8 ^ (1949). 
96* 0«l>nMr, A^Frtdga «id ll«itaa«fhol«, iiata Cki««i««id,, 




iUBwtta ••« I«llwM«t 9i«^Ma.f , , 9«l» M6-9* ( t i f f ) * 
99* r«l>»lMll ra« e* f * iMl l» •e«I*r iatt t l« aHh^tft •f MMiljrsis** 
f.%96 (t999). 
%o, B*if*eiirttMM% j» iu i *e i i« i« , t^ Sy 1 M 9 (i9«ft)* 
T . t t tcMf f , ilMl«flli«U9 M l 919-91 ^1991)* 
%•• e«l^0«il« ^•llMni«B»lf«, $t 9 8 M (1991). 
•9f 989*9i> (19%%). 
9.9C* (1999). '^ "••• ^ ' • " ' . 
9i(tO)g t t i l .d2 (19i9). * * * * • • • « . . 
. U ( 7 ) . 1«p.79 (t9< * ^ • » ' - » - ^ I . . (1 ^ 
2C 
ilMljrett iOt, 367*70 <1977)« 
49* USilir«f««i« UNMdr Md n.lliirltrt ila«l«ClM««, 85t t7«9 
( t 9 » ) . 
90* V,B,Mv*ttp«rt ^ * and P.P.ttMwn, Aaal.Oiwi*, 21, 1095 
(19%9)* 
9t* P«D*9M11 mid C^nSMll, wCoUHMtHo attiiodt 9t Malysis*, 
OtVMI KMltrMd OWUpff, l M « t Mw T«fflr« Tllirtf Rd«, Tol.TTA, 
»«99 (1999)* 
9i« ««6«eMill«t MA F.MSM, AMl^ CkMi.v 879 877 (1999)* 
99* J«P,l«Mt, ••9«iiBjt«Ui aad ns . t l i iad, B,Aial»eiiMi,« 
•79* 969 (197»)* 
9%« N«9Br««iii» 9*A«llakt Md V^MbySt Mprn.BetMM. 10(#)» 
•0 (1979). 
99* J.NKMMtt ••9»nmt«te Md F*8«1liiad, CkmuMulmt 
21, 1899 (1976). 
SfKCTWQPHOTOWETRtC t>gTER«tlNAT10ll OF BOm t^tsRCAPTAKS 
V l t n NOLTimiC ACW 
•FECTBOPHO'TOIffTinC MtTOHWItATIOW OF SOMR ymWJhVfim, 
VTTf! WLTBPIC ^IP 
runtttoaal grMip •ii«lsr«l« fliwfc th« irld« •pplieabllltsr 
in ill* d«t«i«iB«tloii of onmte eovpeimd** ftoroaptunt foni m 
laiMrtMBt finiotiooal groufi of ortoale oalfnr oowpovsao* 
I>otot«iMitl«i of ooMi eri«iio on 1 for eoapooaao It drowing 
ottontlon oMilBljr in iMtrolooa induotrloo (!>• itereoptono oro 
opoeifioolly ioportiut to bo onalyood in potroloo* frootiono* 
Potovtioootrie dotoraiooiion of •oroaptono h«o boon roportotf (2). 
Tniorforaneo io oooood br froo oolfort i f prooont* Spoctro-
l^otoaotrie dotomiiaotion boo boon diooooood bjr Snoll «nd 
Fnoll (3)* Pnllodiao(tl) boo boon oood for tbo opootropboto* 
aotrlo dotominoiion of norooptono olmig vitb otbor tblo 
ooiipoaado (%)• A noobor of notbodo boro boon roportod for tho 
dotomittotiott of indiTidool flM»ro«pto oovpomdo (5*8 )• Spootro-
pbotonotrie titrotion boo bo«i oppliod for tbo dotorainotion of 
onlfor oonpoimdo hy borim porebloroto oting tbortn ao 
indieator (9)« 
Tn tbo prooont ooilc o motbod for tbo opoetrophotonotrio 
dotominotioB of bigb wiloealar voigbt ooreeptans boood on 
•olybdio ooid in proaoneo of oolforie oeid boo boon dovolopod* 
Tbo aotbod boo boon oxtoodod for tbo gMioml dotorMinotion of 
2o 
••n grovp f»r wMMi and 41 Mnwaptaiit •f siMpl* •tnwtore* 
fb* •n^lttt«ti«i of %h« aetbed hmw b««ii utilised la th« 
an*lysis of pstrolsim frsstloos* 
o r 
• W i m w ^ 1 — * ^ i I I M M I I I 
R«uaeb and Lo«i> *6p«Qtnmie 20 •r«eirophotoiwt«r* with 
»«toh«0 t««t tQt>«« have b««i) a»«d for absoitimiott f»«a»ur«i*ente« 
All the rvsgente were of analyileel grade. 
5*taodard thto eoapoond aolattoa 
A 0*1^ aelatlon of polyatbjrlaoa glycol dlmareaptoaeetataa 
of MV &98« 3^29 54S» 749, poljretbylana glyeol dt (^-^Miraapto-
pro|»looataa) of N«V«386, 570, 576, 776, thloglreollo aold and 
noBoathaDolaBlMa thloflyaolato vara prepared v A ia water* A 
0«t# aolatlona of bansylnareaptoaeetio aold, dtthiotarephthalio 
aeid, diUiiodiglyvolio aotd vara prepared v/v In alocrtiol. Theae 
aolutlona farther dilated vlth vater or aleohol aa rent red for 
apeetr)|rfioto«Mitrlo atodlaa. 
Itolybdte oatd aolattoa 
A 2< a»lyt»dle aeid aoletloo vaa prepared by takiag S fpa 
•olybdte aeid, dilotini; «tth vater aad haatlaf It for aoMettma, 
a anall a«ioaat of at trie aeid way be added to oMke the aolattoa 
clear aa^ i flaelly the volea« wm9 made apto 100 ml vlth vater* 
t t t l for le •eta •olwtloia 
A 0«8M •olotlOB of vttlfurie oeld « • • f»r»p«r<kl by aMtnn 
•lowly ro^vtrMI oaoinit of oonoootrotod •olfarto M»16 
(•p*gr» m l»895)f %^ v/v B*D*R« analor into a boi^rr oontnintmr 
20 a l d«i4Miloo4 wotor mid «ft«r ooollni to r»o« tonp^raturo, 
botag tranafonrod to a 100 ml volinaotrio f l a M md dllntad to 
tho noflc and t i t ra t ing vi th atandard aoditm hydroxtda* 
Bocowawmdod prooadwro 
S to 5 «1 of organic aulftir ooaipoand vaa ptpf>«tad In a 
l>oAar followad by tho adattioa of i «1 of 3< aK>lyt»dle acid 
•olot ioa Mid 2 v l of O.mf iralfarlo aeld aolatton* fbe raaotion 
aixtnra vaa hoatad on a tiot plata (approviiiately for 15 •intitaa) 
t i l l a l l vapoara of vatar ra«Mrrod (bofora tba »pp*arB^w« of whita 
fimaa of aulftir tr ioxtdo)* f t Mia th«B haatad on vatar batb for 
90 ninntaa* Aftar eooling 15 a l of vatar iMia adfied and vaa 
tranafarrad to a 25 a l atandard f lai^« Tha volaeia of tha 
•olotion vaa »ado to 25 a l by adding vatar* I t WB9 than kapt 
for am* bour and abaoibaaea vaa aaaaorad at 700 na* 
3i 
»g—•r»l trtm&mittmmr 
All ill* pivdneta tormA %sr tb« •otion of awniiptiiiis 
•Bd aolybate msid «todt«<l» wort bla« oolored md •1>sorl»iiii • • ' 7 
•tronfly mrovmA TOO MI« AI>«OI%«IM«« of tii« oolor«4 prodoett 
•gainst tli« r»iM|«iit blanlta art glTva in Fti*l« 
Efftot 0f •a r la l i l— 
flkrrvral •sporlMmts ««r« e«rri*d •«% bjr vaiTinf th« 
•Mtmt of on* roofMii and kooplng eonotont ilio onoimt of othor 
roofonto. 
Bffoot of •olybdte oold 
i • ! of 0,011( oolntlcm (v/v) of pol3rotl»Tl*o« glyool 
4lBOfnoptooeototo lf»w« 548 «•• tokon In • boakor* To tlits voro 
•ddod TOfying owranto of 9*1 nolybdlo oeld and 2 nl of O.SM 
anlfarlo aold« Ttiia raaetion ntxtiira vaa baatod on hot plata 
t i l l mpp—rmte^ of wlilto fnnoa and tlian baatod on a vator batb 
for 90 ninntoa* Aftar oooling It vaa trwasfarrad to 10 nl 
atandard flsak to airico op to tba nark. It vaa tban kapt for 
ono boor at raon tai^rataro and idkaorbaoeo vaa oaaaorad at 
TOO nn. Tba roaalta ara glvan In tabla III* It Is elaar fron 
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TABLT I I I 
EFFECT o r MOLYnniC ACTT> IK THE DRTFRMIVATIOS OF POtYT 'RYI^^T 
- I r — 
V«laM of H aolsTMio 
(-1) 




0.9 0.96 a 10** o.a« 
1.0 t . l l s 10"* O.SII 
1.9 1.67 » 10"* 0.27 
2.0 S.82 « 10"* 0«S4 
3.0 3.33 X 10"* 0.22 
«.o %.M X 10"* 0,17 
5.0 9.59 « 10"* 0.08 
B f f M t of M l fo r te • o l d 
1 • ! Of O.OH ooltttlon of polsroHiylooe flyool dli»t»roai>to< 
aeoioto N.i.9%9 v«« tiltcn In a baaker. To tbla vera added 
•aiyliig aflMMUBta of O.SW aulfarte acid and 1.0 «1 of 2fC aolyMlo 
•eld in aaoii oaao. The reaetloB alxtore wee kept for haating, 
t i l l the appoaranee of white ftaMa and then It vas heated on a 
water bath for 90 ulnutea. After ooollnc the eontenta were 
trttiaferred to 10 ml atandard flaak. Ilie betrirer was waabed with 
««t«r and vairtilimt ««r« sdaM to tlM •tMidard tlBwk MMI nadc 
opto tli« fiarlc* t t vat than k«pt for ono hour at rooa 
tawporatoro and abaoHkanoa waa laaaanrad at 700 m . Tlia raanlta 
• ra givan in tabla IT* Itiaaa raanlta abov that 2*0 ail of 0*IM 
anlfarie aold Mimild ba takan for aaefa dataratnatlon* 
TABUR IV 
WTECT o r SULFtJRIC ACT!) IN Wffi WBtTOmWATlON OF POI.WmYirNF 
GLTCOl.PT?CflCAPT0M;FTATF M.V. 548 








Bjrdroehlorle aold ti»9 alao oaad in plaea of aalfurlo 
aetd bat roanlta vara laaa aanaitiro* tbarafora, uaa of aalfnrle 
aotd vaa rooonaandatf* 
' 1 
To 9Utaf th« effvet of pfff • • H o a » 1»aff«r solotIons 
v«r« adtfiod to the roaetloii «ixtarOft Ttio pH ebsngo (o«2 . l»2 pn) 
i l d not glvo iqiprooloblo offoot on tbo oolor iiit«iicl ijr* At a 
hiflior pn proelpttottoB was ob»«rrod« 
I f f — • of » l — 
Xi « • • fooad tbai la a oloaotf eoatalsor eolor foraod 
•iKMiOd so eliaiigo opio 6 boora at vooa toaporatort* 
Effoot of tawaaratMTo 
ffeora ym so approolabla affoot of toi^varatara OB 
prodoot fonMdy 99 C vaa fotmA «oat ooitabla for dataralnatiotia, 
OalibrottoB gyopiio 
Aftar aattioc optUNMi ooadltlona oallbratloo gra^a 
vara praparod for varloua earoaptana by appljrlif^ tba raeoowaoifad 
prooadoro and taking 2*0 ol of aolattoe oootatnlng 5 x 10~^ to 
3 z 10 ' 0Otaa of tbio eoopotrada* tlia plota vara atralgbt Itnaa 
paaatog tbrongb origin a«Ml» thorafora^ Baar*a lav la appllenbla 
v i th la tba praaerlbad raaga. Tba raanlta ara glvan In Plga«2 
to 8 aad la tabloo •» TT ond V I I • fbo roMl ta of tbloglyoollo 
aold ara alao glvaa for ooaparlooa. 
or 
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H i * opilaon ttoooeiitntioii miic«» trtth r»cp««t to tlilo 
ooapownd* for tbo iMthod d«v«lop«<! hev« boon fomMI wit liy the 
ii|»l»ll««tioB of «l*lt*lC«rol>iMr (2)« Tho otrolgbt portion of tho 
enrre ol>t«liiod froM • plot of alboorptloB ogotnot IOK oon»«atro<-
tion of ibto eoapocmd oorrtspood to tbo opttanw* eonoratntioa 
r«»go of tlio eo«|»ooBd at tihlob rot ot I TO orror woo looot • • 
glrtm iB toMoo •« VT and VTT* To toot tiie raprodoeiblllty 
of tho aietbod« roplleoto dotomlnottono voro i»ado of poljrethyl one 
i l yeo l dlnorsoptooeototo lf«ir« 5MI MUI poroont anolytioal 
por OBO porooBt alioolato pliotosMrtrlo orror wore eoloolotod wlileh 
voo ollt«lBo4-0*31t« Standard dart at loo vao alao oeloalotad. 
Ilia raaulta ara atHmartaad 1 B tabla r f l T . 
Tbo aanaltl ir lt laa of tha nathod daralopad vera eoleolotad 
aeoordtog to Saadail'a daflBltloB* Ttioaa data ara ftvan In tbo 
and of tablaa • to YTt* 
4u 
TABLE n i l 





, too 97.0 - 3 
» 100 100,0 0 
» 100 w.o -3 
» 100 100,0 0 
100 108,0 •2 
100 100.0 0 
100 108,0 •2 
8, too ^ , 0 -3 
9< » 100 100,0 0 
10, , 100 102,0 •8 
Stantfard a«vl«tlon m 1,99 
Av*r«t« •nror • -0,3< 
Analyileal liw>ori«p»» 
Analytieal laportane* has b««n d«T«lop«< bjr d«t«ff«itttlBi 
Mimapt* groap in i»«irol»atB f r w i l a n * , fli« r*Milt« are 
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fh9 r«wilts of tliis •tn&y rtiwml ibat this roaetton 
oaa h^ n—d MMie«Mfiilly for the dotorainotioB of orsoBlo 
•7 
•ttlfiir eoniKNmtfo eontotiilqff thio group to 10 aoloo* The 
fovootion of color dofiondft upon hootlni; tleMi» the oaowit of 
Moljrbdie ooia (table TTT) ood the aaooDt of aalforie oeld 
(tahla fT)« Tho optlMini eoadition* aro daaerlbaA in roooonaB* 
dad proeodora* After thaaa eonditiona vara aat the oalibrotion 
earvaa for varioaa weraaptana (fifa«e to 9) vara found to ha 
raprodnelhlo* fhe atandard davlatlon for t«D diffaraot 
•eaaoraaanta (table TIIT) of too niorograoa of poirethjrlMia 
glyool dtiaaraaptoaeatata M*w« 5%9 «•• 1*99 Mid the mwrtt* 
error •OaS^ whieb la vitbia the apaetropbotoaetrle error 
raaga* fhta satbod oan alao be naad for the deteraiiiotioo of 
other tblo ooapomida* Itie foraottoii of bloe oolor ia probably 
doe to the radoetion of •olybdoiiiM(Tf) to aone lover 
valaiiey atata* 
4 o 
Aiitil«eiM«*« 83. 987 (1951 ) • 
S* J«lI»lEai«inB»r in t r e a i l M on Aii«l»Cii«i,, part I T , Vi»l«15, 
hf I*if.Xioltboft and r»J»^iviii«« Eda*^ fiitaraotenea« 
Nan fik (1966)• 
3* f»n«8m»ll and C«T*8Ballt ">Calari«atrle swthoda of maljrsta*, 
O«irao Moatrand eovpaiqrt Iiio«» Kaw Toiitt t l i l rd ad . , Tol. ITT, 
9F.«69*908 (1959). 
%• S.Marfaldt and 6.1«vf*«n« Afial.Moaba«*» 8, 8 8 3 ^ (196%). 
9* CX.Seial fart l i and n,v.Ard«lt, X«ilB«l•«!«••, 80%, 184-9 
(196%). 
6 . A«H«Clialaara, 81oeb«B,lfa8«» 18, TJkJki (1979). 
7* A«TaaaiEa, K.lltiaa, T«8asiikl, S.lMbayaalii and A.walanaba, 
AMlyat, 108, 967*70 (1977)• 
8* B*aaaallcla aad D,8ebloiigh, ilaal.CbMi., «6t 919 (197%). 
9* A«j«Bniaaaar, lUfaSlatlajr aad J«r*Calaniai0la, 
Aaal.ChM., %9# 1987 (1977). 
C B A P T E R ^ I I I 
SyBCTBOWIQTOMgTiaC PKTBimiltATIQit OF iniAWltlM(yi) 
VXTB PTRIMULUC ACID 
4:; 
C H A P T E R * IIT 
gyECTnOWiOTQWKHHC PEWWHIWATIOIt OF t?llAWHm(VT) 
vttn rtmoAhULC ACIP 
•MM——^iWiiiriMWiMwuB^liMiii <iir i in •miwiiWM—W 
1>«t«fl«lsatt<iii of armiiMi i^ ot l«portanoe b«eaii»9 of 
l i o ooo io otovte rtoetoro* A roMtion of low ooosiitbtty 
ictvot • srollow eolor of totrwr«leiit orentom on^ hsrdrogen-
f»orost<lo i s alkallno eaf1»oiiat» aolutlon (!)• Pliaaollo aolri 
RlToa a brown eoloration vith 01 lata oraniiM aolatl;>na (2)« 
TmtomiDattOQ of arantim liy th« yallow color In nranyl aalta 
pamatta the ootlaation of 0.15 • 0*75 |»areant arantuv oxlda (3). 
Nontral oranyl aolutlon f^ lvaa a atabla yallow eolor with 
aodlira diathyldltiiio oarbaeiato which ia Miitable i f iron an<l 
oopper are abaaot (%)• Othar apaetropbotoiMtrio dataminationa 
Inelada tba roaetton of salaohlta graao (5)t glynlna thymol 
bloa (6)« hydrmry naphthol bine (7), M«««tolylHa*aitro« 
baneohyaioxaaio ooid (8)* 
Tbia aathod givan for ita datamination are rather 
hatarogaoeona baeeoao none boa general ooceptanoe, Tt hea been 
obaorrod that oranyl nitrote in aierograa afaotmt reacts with 
pyrogallic acid to praaence of atilftiric acid to give a yellowlah 
violet color i^icb oen be extracted in iaoanyl alcohol a. The 
abaorbaneea are rneaeored nt 560 nn« Therefore thla tc^ ethod 
K/ 
baa b««n dev«loi>«d for tb« dvtoniiiMitloa of armiliin(vi), 
Tbo aetbod to Mlootivo and aanslttva* 
A atadjr of iatarf«r«noaa ia also aada* 
5i 
A f4«tB«r ftpMtra 79 (India) vas oaad for spactropboto-
natirla vortt* 
Raagant 
All raagaata ware of analytleal grada. 
Solptton of aranyl nltrata 
A 1^ atoeic aolutlon of oranyl nltrata vas preparad by 
dlaaolirlBf 1 gn of aranyl nltrata In 100 ml of vatar* Tba 
atoek aolotloa vaa fortbar dllatad idian raqolrad by vatar* 
Solution of pyyogallle aold 
10^ aolntlon of pyrogallle aold vaa praparad by 
dlaaolving 10 gn of pyrogalllo aeld In 100 ait of vatar. 
Ihrooodui'a 
A anall aawMiat of nraoyl nltrata voa tatcao In » taat 
tuba* to thla vaa addad 2 ail of 10!( pyrogrlllo aold and 2 m\ 
of 36!t aolforle aoldy aftar ahaklng and tb«o baatln^ on vatar 
batb at 99 C for 19 nlnutaa a yallovlsb vlolat, color vas 
obaarvad. Aftar cooling and dilating vlth vatar ibis vaa 
axtraetad In laoai^l aleohol and tba absorbanee ^B9 swasurad 
at tba optlmia varalangth (960 nai). 
r-
Abaorptlon •i»»etrw 
Tli« mh9oit»itm9 of 3r«llo«i»li vtolvt color fomotf hy 
ttio MBtion of pyrogelUo aeta m^ ooltarie oeld vitb or«ny1 
nitraio woo Boiotf ot Toiytng wovelongths oo IAIOVB in Pli*9« 
gffoot of irortrtloo 
IB ortfor to got tin* optiaoa ooii<lltlono for tbo 
dotofwtfwiioa of nronyl nltroto« tbo effoot of poootble 
vorlaHloo woo otadlod* flio rooutto oro oaenertootf oo follovoi 
Effoot of towporotoro 
ho fSM of umsrl oltrato vao token In a bolltng tabo« 
To tbio «#re odtfod 2 nl of 10^ pyrofollto oold oolntlon ond 
8 al of 96lt onlfurlo oeld eolation* The roootion nlxtoro woo 
kept ot opoeiftod toisporataro oontrolled wetor bath • Tliie 
«Mio then ooolody Piloted and ostroeted with ieoangrl oloohol, 
Tbo olo<Miol loyor woo traneforrod to a atanderd flaak of 
iO «1 oapaeltsr end wolmto woo a«do apto tbo nark witb 
ioeanyloloobol* Tbe oboorbanoe wee neaaarod for eeeb eet 
witb reapeet to blar^ imder alnilar eonditiono. Peoulta are 
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Effect of p y i t H f t l f •old 
¥) jag Qt aran^l n i t ra te was tidcen in a !>oiliiig taba* 
To tiita vara adflad S«0 a l of 3€N Milfurlo ^oid and varying 
etaoonta of lOfl pyrogalltc acid aolotlcMi* Ttia raaotlon afxtura 
«8B kept at 99 C for 15 almitaa in a tamperatora control lod 
watar bath, Aftar ooollng, dllnttng with vatar thia vaa 
entraetod In iaoaaiyl aleohol and tranafarrad to a ttandart 
flaak to aaka the voltttna 10 nl« ma al>aorbaooe vaa «aaaoi«d 
for aach aat with raapaet to a bloale und#r a lv i l a r eondltlona. 
Roanlta ara glvon In t ^ l a Xt whloh shova S a l of iOi pmg§llic 
aold iraa noot anttable In tha tfatamlnottoB of uraninn(TT)« 
5u 
TABLE TT 
EFFECT OF FTnoOALUC ACIP IH THT DETEHMtNATTOll 
OF Vnmn. NTTRATE 
Toloa* of 10^ prrogallle M i d takMi Ahsorfiano* 
• 1 
t 0 .63 
fi 0«6« 
5 0 .6* 
% 0 ,60 
5 0 ,5« 
ttt—t ot •ttlfttrte •Ota 
Hi * ai»ov« proeeduM was applied with varFing ib« nMHmt 
of •n l far ie aotd* The rosults era atnnarlaed In tab l t XTT 
vhloli abowa that 8 n l of "iGK anlfoi ie aeld glvat an appropriate 
pf! of tba aolotioo* 
5G 
TABLE Xit 
rPTfCT OP StJirfTHTC ilCTI> IN THE DCTftrnmiATIOII 










Tli« r««Qltt of e eallbration for 9 JHIK to 50 jof of 
armqrl aitroto oro pr«o«titod in Plg.lO ulitoh oliowt tliot Boor's 
low to eborod irlthiii tho rtago (5 jBg • 50 ^ ) of ortnyl nitroto* 
Study of proototop 
Ifio roottlto of ten replloato dotomliiotiono oro otiwMirlsod 
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20 JO dO 5 0 0 10 
Concentrat ion of Uronyl Nitroi*' (rrioles) 
Fig. 10. Absorbonce of dif ferent omounts 
of ijrar.jl N i t r o i e ot 360 nm by ihe 
r e C 0 rn rr> e n d cd p r e C C CI L; .'• t 
5:> 
fAKM IITI 
sKmoAfs mwrnnnAvims or oiumrL irniufr. 
•"• —" — " f 
Sim»vm% t«k«a AaooBt foaai % Brror 
P* ^ 
%0 40 , t •0.90 
40 99*6 •1 .00 
%0 S9.9 - 0 . t 5 
%0 39*t -0 .90 
«0 40,0 0.00 
%0 99*i • o , t 9 
%0 59.5 -1 .29 
40 39.4 • i . 9 0 
40 40.1 •0 ,99 
40 59.4 •1 .90 
Af»i«c« 1^ tnrvr • •^•99 
•tMd«f« ««vtftttoti ip) m 0«t4 
tti« •ff«et Of diverse tout «Nir» invcttlgaiod by adaiof 
dlffortnt ton* to tho oqaeoas oolatioo of anuiy] nttrato boforo 
•xtrMtttoD* lo tho dctomlBOttoo of 50 ;Hig of ormyl altreto, 
iilekol(TT), oobeli(TT), e«rttM(TV), obriMiliM(nT)« Iron(TT) 
•ml aoBiiiosoCTT) did Bot Intorfero opto 1000 ;ag» CopporCTT), 
ebro«i«i(VI), timgostonCvi) and •anadyKTT) did not iatorfere 
opto too jBg* IroB(TTl) ond •olybd«iiua(VT) ofto 50 jog ooald 
^ tol«rotod» 
PtBCPSSIOil 
in* r*»ttlt« of ^ i * ttady r«v«al that tbe rvaetlM of 
oroBsrl Bltroio with fyrogollle sold to preooneo of oulfurto 
aeld era bo oood ouoeooofallir for tho doiominotloii of 
iiroal«tai(Vf )• Tbo Miooipttoo tpoeirra of tho eolor forwod 
(ftgoro TX) ohowo V,,^ ot 360 no, thoroforo thin vavolragtb 
woo ohoooB for tbo opootropliotomtrto wooouroinoiito. 
Tbo rooolto of vortotion of towporttturo prooontod 
la toblo % oliow tbot may towporotaro botwe i^i 75 C to 9A C 
mmy bo tokon* fl<ywoiror» 98 ^ woo ooloetod for oooronleneo of 
oottlng OB • wotor both* 
Tbo rooolto of tablo XT tndleoto tbot tbo onomt of 
psrrogollie oetd oleo offoot tbo IstoBoity of tho eolor* 6 ol 
of i(K psnrocolllo oeld woo« tbofoforo* ouffiolMit to (solntolo 
osoooo of tho roi«OBt« 
Itio oaooBt of oolfurlo oeld oloo offoot th« reaotloB, 
tbo ponool of rooolto of tnblo XIT obowo tbot 2 • ! of 36^ 
oolforio oeld glwoo tbo opproprloto pff of tho oolotioa. The 
oddltioB of OBlfnrio oold looor tboa S B1 dooroaooo tho 
•feooiboneo, Thoroforo tbo eolor fonnod to tfopondoot on pF 
(ottlfurio oold eoBOOBtrotioa) md 2 al woo^  th«r«foro, tirtcan 
for OTorr dotoraiBOtioB to totol •olano of 10 al to aointoia 
tbo ro^airod pf^ * 
Gx 
f l i * p«niMl of f i g * 10 Shoirs that B»«r*« law I t 9hmya 
vitblB th« rang* (5 jag • 90 jag) of araayl a t t ra ta , Hie nathod 
la praotaa aad than atandaid dartatloii of 10 raplioata 
dataralBatioiia ia 0«24. 
Tha raaalta of tha Intarfaraooa atadlaa Indloftta that 
tha nathod la aalaetiira and oan ha aaad In praaanoa of a ooiihar 
of othor l o M vhloh intarfara in mJoHty of wathoda known 
oar l iar for Uia tfataralnation of nrmina* 
V>2 
2. P.N.OM Ovpt«« J«lBd«Che«,8«o«, 6» 765 (1989 )• 
9* mi,8«oU «•« P^nixoDt Analyvt, 70» %6t-5 (19%5)* 
%• C»Ii,8«iidtll« *eoIoriMtrle d«t«rvi«ati«i ef tr«e«t of Mtalt*, 
p«%3tf XBt«rMl«Be« |H<^ll0hiiic Xno.* Hew Yoi1c« N«4 (i9M)* 
9* S,e,Mli«3r and »i*ll.ll«<n(ftnil« TslMUf &%<%)# 166-7 (1977 )• 
6« A,T»IiiiU«v« l.P.Q.Skftjra and ll»A,TalMV» Q«olilil««ite«i* 
M«thodr Inttoli* •••tioli«ttT*8o«t«v*ftMd»l>orod nid»9 
9, 110.11 (197%). 
7. O.n.mttalB, iMial.Utt., 10(%), 865-78 (1977). 
«• T,iC»AserMf«I, Ami.ClilM. (llMw). 66(7-«)9 571-S (1976). 
C H A P T E I I » T V 
PBtBCnOII iOro CHWtmATOOiUKITC gJPABilTieit OF PBCTOtJ 
OK PAFBii iMfHRQifAnD viTB mmtc ftwrnrtm 
L)c 
PitTBCTKW mx) cnnoM'ToowApnic si^ rAnAttON OF pimaois 
ON PAWSR IMPPTGfiATW? VIW FRItRIC IITPBOXTPB 
fbm mw 9t frrio ios ba* hmmi rcoordvd for e quite 
lomi tlBt to dotoet tbo phoaolle faaotlonol groop quelitottvo 
attolyoit* This opproaeh to applied for ohroeetocreiAlo deteotloii 
Ml well* It «•• foimd that pbenols give colored spot* on papers 
tapregiiatod with fenrle hydroslde. t^roBatografrfqr of pbenole 
vae« tberefore« perfomed on tlieee papera to elinlDate the 
oaa of deteotlng agaat atm tbe apota are oolored and to aotiioTe 
aoaa iaportaat aeparatloiia* 
Chroaatograpby of jAenola on plain papera haa been 
reported hf a naiiber of voikera (ltBf3t%*5t6t7)» tlie uae of 
too-iMRsbsnce papera loaded with aaflberllte lon-exebange reain 
baa been reported by Cleric (())• A aorrey of tbe literature 
•bowa that oeant attention bam bow paid on tbe ehromatoerapby 
of pheoola on papere iopreinated with inorsanlo ioa-exehangere. 
Uae of papera iaprecnated with atannie tsolybdete, an inorfanle 
iim-eaebwiger baa been made in oar laboff«tory for tbe aeparation 
of ptaenola <9)» 
Perrie hydroxide b^avea aa m inorganic ion-
oaebaBgor <iO) for tbe deoontaaination of waate water froa 
89 p, mi ate* 
G 
Aro«yttt« 
CtaroMitograplijr w0« p«rfor««d on In^r^fnatcd VhainMi 
iio*5 paper •tripm of a l M t4 x 3 en osing 20 x 5 e« glass J«rs« 
»—gaat 
PvrHo n i t ra t * (B«n.l!«) anA aodiwv hydraxtda (B«D»R«) 
vara uaad* Othar ohaateals aoA aolvanta vara of aaalytieal 
grada* Vha apottlng aoletloo vart praparad io atbaiiol* 
Ffapai-attea of loii»a»ehattga papara 
papar atripa af r a ^ l r a d aisa vam out* Evary atr ip 
vaa f i r a t dlppad in O.iN farr io n i t ra ia aalotiao for 15 ta 20 
aaaonda* flia atr ip «aa ttiflo dippad Into 0«1M aodiirai bjrdraxlda 
aoltttioB for kOJk5 aaoonda* itia axeaaa of tba raagant vm9 
drainad af f and tha atr ip vaa plaoad orar a f i l t e r ^ a a t * 11»a 
Obova proeadnra vaa adopted for a l l atrtpa* Tkeaa treated 
atripa vara dried at rooa tamperatore an^ t tlian vasbad tviea 
v i th tha da«iaerolised vatar to ranora tha esetaa of the 
reagent* Pinal ly theee vere dried agnin at room t^aperatore 
and need aa aaob for ebrovatograpliy. 
Praeedore 
One or tvo apot of teat aolatioo vara ploaed v i th 
G v j 
th« h#l|» ftf glaas eappil«ri«« cm tli« p*p«r • t r ips , i l i * 
l>ap«r va» aondltloocd for 19 Mtntitat «Bd th«n solvwiit «•« 
alloiMd to aMoad* 
MtgQLTB 
Xa order to a«« th« f«rrlc by4Sr<nlde pafierc for %h% 
doioetlMi of tlio phwiolOf tlio followinK preeodnro WM odoptod, 
A oaoll opot of phenol volution «•• p«t on • pepor inprognatod 
vitti forrle hydrosido and tbo oolor «•• oboorvod* 
flio oolor oboorrad with known pbanola ar« llotod balovt 
%«^ydrosyt»onsoio aeldy p-nophtliol^ vanillioat 
p^aitroplioooly vMsraaol^ p«eraaolt o««itrof^onolf plorle aeld« 
plilorofElaeinoly %(4^itropbonrl) oso rooortlnol* dt (a«liydro«y 
phanyl latno) otbono^ %-«bloropbanol and %(fi«>jpyrldllloso) 
roaoroia t*^^ jrallov opot* 
Taaaie aeid« <K-naphtbol» pyrogallolt raaorelaol« 
oataeholy gall ie aoid «id xsrlaool sara rlolat apota, 
a^V-dlntrophattolf pboaol, falaol and S^ydroxr-7*lodo 
4alBoltao»9 aolfoato oeld gm rod apot* 
<)aiahydronat thyool blaOf lt2«5t8<-bydrozr anthraqilaona 
and piianyl flnorooo (9<^anyl 2*3) trl»6*flaorona appaarad aa 
gray apota* 
l««itr»ao»8«aaplithol and broaoeraaol graan appaarad 
aa graon apota* 
C7 
Tbi9— tmm$lf rtfv«al that f«iTlo li|r«roxi<Ui f>iip«rt 
oafB ^ n—A wMe«Mfolly for tli« d«t«eti«o of pbanols* lira* 
t l i«rt is BO iiood to aoo 8 ooparoto Aotootlag roagant for 
ohroaatoeraphie otodloa* 
Ofcroaatograpliy 
31 phanola ^mr% etiroaatograpliotf in aqoaoua aolotlooa 
of •odlwi Bltrata iMf O.lMy 0«OtM» vatar* aleobolt vatar • 
aleoiiol ( l | l ) t Kaei ( IM) , Tho roaolta of Kp valiioo fa 
diffaroBt aolvaot ayataaia ora proaootad is t ^ l e xiv* 
•ooaratiopa 
On tho boala of diffaraaea in iy foliiaa for oartaio 
pbaoolOf flwngr pooalbla ooparatiooo proetlealljr oehiarod ara 
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Tli« tim9 required for •Mendiac tlie eolTMit to « 
holgbt of 11 Ml «•• oiiproxtMOtoly 50 •toatoo* itile ebowo ^ e 
laportMiee of tbo forrio hjrdrositfo paporo ovlnc olnple aqitoona 
•yotov ond tlmo oehiovliifi olooa ooparotloiio in o short daratlos, 
•orlooo ioportont ooporotiono (TiA>le XT) hove been eehlered on 
thooo poporo itt ttoorly helf on boor only* e.g. a very oleen 
ooporotioa of <<«oof^thoI f ro« ^ naophl^ol woe oohleved oelnf 
voter or 0*iN MelfO. oe aoblle phooe* Kony ternary mn« 
ipiateroory oeporotloBO hove oloo boon oohlovod O B theae papere* 
On ooeqMrtoon vitb ^ o reaalto on ploin papera ft baa been 
found tbot forrte Iqrdroxide tneroooee the eonpootneee of the 
opot and roMOVoa the tailing whleh la eoMsonly Obaerred with 
plain poporo In the olnple aolvent ayoteoM* Ferrle hydroxide 
being a voak Inorganlo ioo*exehanger <iO) ebove the aeleetlvlty 
tovorda the variooa phenol a vhioh ore vookly ionioed* Thla foot 
givoo the baeis for ^eao aoparotiooo. 
t vJ 
! • P,U6o«»r—>•• J«Cil»M«t«l««» 18» 356 (1965)* 
56» a««8 (t96%)» 
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O g A » T B » « V 
BFfBCT or KMtTC smif^fmn on cnwmAfOGn/^mic 
sf rARAnM or rtsifOLs 
( i w' 
emtCT or lowic sywACtmr^ m cnnoHATooR/FBic 
sBpARAnow OF rmmoiM 
f a ^ r •tira««t«f raphsTf at pr*«««t« is <MM» of th« 
M«i4tt««tltcttir« aieitMMtlKMf in th^mieat Mi«l)r«{«« I t is • 
1if««tl0«ll7 iaporlmit mUl Qontwrnifrnt ••ttiod of •titdjrliic 
diatrllNittoii 9t aolata In di f f * i« i i t phsMs. I f any l ioald ar 
•o l id yortioloo art dia^raad in watart aad i f any aarfaaa 
aativa aabataoaa i t iatroAooad thaa th is aarfaatant v i l l affaat 
tlia diatribntiai i of tlia aolata aainly an ilia aarfaaa* Ttaa 
aaoaaatratiaa • f tba aarffiataiit v i U f ibaraforat ba l i l f l i at 
iba aorfaaa of tlia aolotioo md mt wall m9 an tba aarfaeaa af 
tha diaparaad fNirtialaa. ffarfaatanta ia aolatiaa aftan aodarga 
aaaoeiation to foni agsragataa af aal la idal diaanaiona kaova aa 
• ioa l laa* Niaal l iaat ion ia tlia aaat iapartnat aad tboraogbly 
atadiad praparty of tha aarfaatanta ( i t2 t3»^)* Honaroas athar 
atodiaa of aarfaataata haya baaa raportad i a tba l i ta ra tara 
(5f6«7)» 1km999r^ tba aaa of aarfaataata baa oot bami t r i ad , 
ao far^ to a t a ^ tba saranaat of pbaaala oa ahrtxeatoffraiibla 
papara. 
rapar obraaatograpby of pbanola baa ayatawatteally b*aa 
rayiavad i a a aanprabanaiya traatiaa by Raia aad Ifaaak (S) and 
81 
^ 0«mt»r firvig ma itOMpli th^rsa (9ftO)« 
f l i t* •lia|»t«r tffftlt vith tli« f»«p«r obroMitoffrcipby • f 
99 vbMiols of difforvnt t3r|>*« In ••dtmi ded«eyl •olffat* (9DS) 
and • • t f l trtiietlirl aaMiilMferaild* (OTAB) • r t i M a . Tli« a f f M i 
of aMttioa of |»i«|iMi9l and alaotrolytaa (HaCl and mr ) fa 
alaa atadtad* flia tn^rtaat aaparatlafia« praatlaaliy aeMaradt 
•w raportai* 
8£ 
• t r t | is 9t • ! • • 19 s 3 e« natoi 80 x 9 ev glass jo r t * 
<SlM«lo«)ls Mid •olveots trsrs of Mnaljrtteel fr«<I«« 9ti« 
•odlMi dotfsey] anlfsts (h«r»aft«r r«ferr«« to • • Sue) was 
ten (Raglastf) t^ndnat* I t vas forthar pari f t ad bjr rapsatad 
aiTStalltaatiaB tram 99^ attianal follawad by prolatmad 
astraottan frva ^ l o r o f a n i (100 lioara) and patralawn atliar 
(60 kMira) ta aoaara iba aaaplata raaova] af traeae af 
anraaetatf aleoiiol* f t ^tf tban f l l t a rad and drlad a^amlglit 
In aa bat a i r avan at 60 C ta ci aanatant walgbt. Catyl 
t r lna tb f l a—ailwi bra«l<Sa (OTAB) was alsa abtalaad fraa 
won (BBglana)* I t was vaarjratalllaad fraa aaatana, rapaatad 
tbrlaa aad drlatf In a bat a i r avaa ta a eanatAat ««ifbt» 
Tha apattlBs aolatlona of pbamila wars pr«p«rad In 
atbaaal* 
F^r tba dataatlan of rarloaa f^anala^ farr la ohlsrtda 
aalntlon (0«1N)« aadlws bydraslda aalotlon (0,1H) and pboar»ba 
naljrbdlc aeld aolatlon t% vara naad* 
8:: 
fliecMls ««r« •pott«4 with Uf t i * !^ of f t a* s lasa 
e«pl l l« i i«» •« t i l * •trlfMi* Hi * |»p*r « • • oondttlofi^d for 
19 ainoWo ood tbo oolvoni ««• ^ o a ollowod to oteond f t o» 
fa oiroiy ooM* flio tu volooo wiro oolmsilatotf • • aoe«l« 
8 . 
RESULTS 
P e f c t t o n 
yiimiol* v«r« metBily d«t«ot«tf <m ehromfitofre^s* For 
th« d«t«otlcm of Tarloos phenols f«rrlo ehlorlele, fia'^tiin 
hydrozlff* and fibospbo {•oljrlJdic acid w«r» o»«d« T^rrio chloride 
dotaotor tbou?b not vary s<ratitlT* but vee fwro aolaetliro thtm 
the otber d«t«ottn/s^ reaicent* nenttoned In the ear l ier worlE, 
Ferric ohlorlde wet eetlsfaetory for • lorge nur»ber of Tvhenols 
wtth which t t IsKMdititely gives coloured epote. The vtr^riety 
of color* were ohtained with various types of phenols nnf? 
are fiven holowt 
rhloroflucioolf oatecholy xyletiol, hromothy«nol hlae, 
dl (8«>hydroxy i^anyl iitino) ethane gave blue colored 
•pots* 
III certain cases the use of sodium hydro'vlde sprov 
was also nade just aftar spraying ferrto chloride to acMeve 
clear detection* fbe colors olisanred w! tti koovn phenols 
are glwen belowt 
n-cresol and p-cresol gave btt^ wn spots* 
Pesorclnol and g a l l i c acid gave v io l e t spots* 
1*Nifroa(»»8 nenhthol gave green spot* 
l^jrrogellol gave blue ^pot* 
8 :; 
8^yflrosr*7*io<lo qalii9llR«-5 •nlfemlo notd eitfd phenyl 
flaorone (9*pl»«nyl 2,5,7 trlhydroxy 6<»flooron«) fov« 
vlnv red tpoit* 
Sofoe of the fih<mol« wer* «o»lly d«teot«<1 vlUt Bodtun 
hydroxld*. 
o^mtrophenol, plorlo acid gsyn yellom spots* 
Trlliydro«y-6 fluoroo© and brono erasol ?cre#n s«v* blu«* 
•pota* 
ftienolphtheltmi gave ptnic sfH>t» 
nonrerer, v l tb ao»e fihctiola where ferric chloride 
did not ^ire aatlafaetory detection, the aae of phoapho 
nolybdtc eold waa made* The ase of sodloa bydroicide epray 
vaa also wade Juat after anreylne i^oapho »olybr!lc aotrt to 
eohleve o leer end Qtilek deteetloo* 
o^.Naphthol, p->naT^tb'3l, p«4ittror)benol, 2,4«dlnltroi»henol, 
von l l l lne , l|2t9t8*antbroicy anthraqulnone, %*chloronhenol, 
end phenol gave bine apota* 
Oiilohydrone and qulnol gave bro«n apota* 
Ohrowtogrephy 
R- Taloea of 29 phenol a In water and different oorioen> 
tratlon of SPf ore einnerlaed In tnble XVI and tho««» In 
different oono(*ntmtlon of CTAR In table tVTT, 
The effect of propmol wan studied on the novi^ tnent of 




v«r« prtpartd tn pvopftnol * vai«r nlxttirve, Tb« r«9ulte of 
irsryinf oonoemtratlon <»f SK*= trlth propemol are etrriRcrtrad 
In tableft itVTTI, XtX, XX, XXT iin<? tho»« with varyinig; oano<»ntra-
tton of propcnol wtth CT-AI? aro aonnfirlsod In tflblea XXTT, XXTTT, 
xxfv and XXV, 
nae of Qleetroljrtet irtey also effaot th« tiiov€Hs«nt of 
phanole tn aurfaetent ayatoaa, Tarlona concentretlon of 80(!lti!& 
ehlorKlo aolntlona «r«ra u««d for S!^ ayatanta an<l potaastim 
bronlda aolnttoos for CTAR «3rat<^ tna, Iftiaaa olactrolytae vare 
takan juat mw repraaontetiTaa of normal aelta. the results of 
aodioa ehlortlle and BT'^ eyatarae era preacnted tn tnblea XXVT, 
XXVTl, XXVfIT and Xxrx and thoiM with ICBr with CTAP ajratr^ 
ara praaantad tn tahlea XXX« XXXT» XXXit end XXXTTT. 
BaparattoBa 
On tha haata of ft^ waloaa of phanola aome an»lytier«ll]r 
tfflportctnt aaparattona were t r iad and tboaa achieved prnct lor l ly 
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Bf^ PAEATYOIIB OF KtmOLF ACHIEVED IN a9( PBOPANOL ^ I W 9wML** SUB 
81. 
No, 
1 " " • "' • 
Separation 
«t (Ry) 
• f ' ' ' " 
rrosi (Ip) 
Binary Saparatlono 
! • fbloroglootnol (0.91 ) o<.lla{dithol (0.%6) 
8. Vtiloroglooiool (0.911 1 JMIai»t]thol (0.50) 
3 . fhlorofirlueiiiol (0.91] \ 8f%*]Hnltrophenol (0.46) 
%• riiloroirliioinol (0.91 ) o-Nltropbonol (0.16) 
9. nslorogluelnol (0.911 1 l*^ltro»o«2ni>p))thol (0.5^) 
6 . Ftilorogltiolnol (0.911 1 TanilllQe (0.71) 
7. Ptiloro^luotnol (0.911 1 liSt9t8anthr«sy 
aothraqulnono (0.00) 
« • VblorcH!;liiolnol (0.911 \ pyrogallel (0.67) 
9 . Ibloroftlueinol (0.911 1 M(2«liydhroxy phenyl Iralno) 
•ihfmo (0.11) 
10, rtiloroeluolnol (0.91' 1 Phenyl fluorono (9-phonyl. 
2 | % 7trlby<!l roKy-6» 
flnorono) (0.00) 
11 . o<.lfapbihol (0««6) p«Ht tropinenol (0.71) 
19. cK^aphtHol (0,«6) Cataobol (0.99) 
15. <*lfisphthol (0*46) BNi^ Craflol (0.99) 
U . ^.Naph^ol (0,46) p-Crecol (0.78) 
\ ' i .-^  
TA8I£ XXXTT (Contd . ) 




of (n^) f lW- (Rp) 
19* << •Napbthol (0 .46) 
16 , K-fteptithol (0 .«6) 
17* <<.8«phibol (0 .46) 
t9« o<.Nflphttiol (0 .46) 
19* 'K-Nsptithol (0«%6) 
SO* c><.«Jf«plittK>l (0*46) 
2 i . ^.Ifeiibthol (0«46) 
88, c<.!taphthol ( 0 * ^ ) 
23* JMfftphtliol (0 .50) 
2 4 . jM<ri»f>hthol (0*50) 
29* JB^aphtbol (0*50) 
26 . JB^ophthal (0*90) 
27 . JIUNaphthol (0 ,90 ) 
29• JWNaphttiol (0 ,90) 
29 , JMIiifihthol (0 .90) 
5 0 . J).N«f»httiol (0 .90) 
91 • >4r«phthol (0*90) 
52* 2»%.MBt«ro|iii«Ml (0*%6) 
99« 2tWl>inltroph«ool (0«%6) 
9%. 2,%*Mnitroph«iiol (0*«6) 
Phoool (0«99) 
KMiorolnol (0«69) 
Oal l io aeld (0 .79} 
QoinhyarofMi (0*79) 
Qotnol (0 ,73 ) 
H e r i o aol<i (0 ,76) 
^•Ohloropti«nol (0«71) 
Psnrogallol (0 .67) 
fH49itropbM}ol (0«7i ) 




IQrlMOl (0 .99) 
Morte ae id (0 .76) 
ttijniial bla« (0*9(9) 
Iticnolphthclieii (0*78) 
eatoobol (0 .99) 
p»1tltro|ili«nol (0 .71) 
VIICNEIOI ( 0 * 8 9 ) 





55* 2t4«.Dtnltrophenol (0.46) 
96. S^^lHDttropbenol (0.46) 
37. 2«*-T>inttroT>h«>ol (0.%6) 
38. 2»%.l>ialtropl}eiiol (0.46) 
39. p^itr9)>b«nol (0 .7 i ) 
*0. p^Nltropheiiol (0.71) 
41 . p.Nltn>^li«nol (0.71) 
48. p»Nltro{rfieiiot (0*71) 
43. Cat«ehol (0.95) 
«4. Cateohol (0.95) 
%5. Catechol (0.99) 
46. o-Crtsol (0.99) 
47. »-43ro«ol (0.99) 
48. p»Cr»ool (0.78) 
49. p»Cro»ol (0.78) 
90. Ffeonol (0.89) 
91. Phonol (0.89) 
92. Resorolnol (0.69) 
93. n«sorelnol (0.69) 
fron (Rp) 
itylenol (0.99) 
Her lc aotd (0,76) 
Br(MK>thyr?ol bio© (0,9«) 
Tlr9«oero»ol graen (0,92) 
o«NltroT>!i«nol (0.16) 
Xylonol (0.99) 
4 (4^1 tropbonyl) 
•so roBorelfiol (0,08) 
BrMKKJrosol rrfNni (0 .9S) 
o*191trof»h«nol (0,16) 
l*Hltroao-2n*pbttio1 (0,9^) 
4(4^1t rop l ie i iy l ) 




Dl (2»ljyaroxy phenyl li^lno) 
ethane (0,11) 
T a n l l l i a e (0 .71 ) 
o-J^ltrapIjenol (0,16) 
PKa-hydroxy phenyl I'nino) 
ethene (0,11) 
Brofsothynol blue (0.98) 






9%. G«tlio aetd (0,73) 
95* •>llttroph«nol (0*16) 
96* «»Nltropli«ool (0,t<)} 
97, o^flitroplicoot (0«16) 
98* o»?fttropb«nol (0»16) 
99* o»!fltropb«t)ol (0«16) 
60* (»»1tltrof}li«Dol (0*16) 
6i* 1«-Ifii)m8o«>2n0|^tiiol (0«99) 
6S« l«>!fttr9no-2iiephthol (0*99) 
63 . Jiyiwiol (0.99) 
6^. nyienol (0.99) 
69. n e r t c acid (0.76) 
66. Mcrte Boi'i (0.76) 
67. TmlUin* (0.71) 







Ptortc ncic? (0.76) 
fyrofrallol (0.67) 
Onlntiydrone (0.78) 







Browothywol blwe (0*98) 
BroMOoroaol gro«n (0*92) 
1 ^ 
TABtr. XXXT 
TCfMAflT •EPABATIONP OF PRTNOIS iCHIItVEl) IN 9^ PROPANOL 
S I . S«p«nitfton 
• f (Hy) frora (Hy) 
t« rhl^rogloeiiiAl (0«91) 
and 
^Napht lMl (0 ,50) 
2 . 2«%->l»lnltroph«tiol (0.%6) 
•Bd 
p»I9itr9pli«nol <0*71) 
3 . P i e H o Mid (0 .76 ) 
and 
9*1litrof>it«AoI (0*16) 
%• MMOrtt^l (0 .99) 
and 
Oatlte aetd (0*75) 
9 . mmot ( 0 .09 ) 
«Bd 
c<.Ha!>hthol ( O . ^ ) 
6* i»*Vitroph«Bol (0 .71) 
and 
O-Nitrophanol (0 .16) 
p^t tropbanol (0 ,71) 










flM r»tttlts of till* •iotfy r«ir»«l that tb« nattir* of 
tho oolToat ojrotoa diffora oooaldora^ly for tho noTOtBOiit of 
voriooe j^onola on papora* Boonlta of a^noooa 806 and O T ^ 
oyatoaa ore ft^on in tabloa XXfl and XXVIX* Qao baa boon nado 
of dlfforont aolvont ayatama vlth Totiotioo of eonoontration of 
•urfootanta no w«ll aa that of tho alaetrolytoa* The poraoal 
of roeolta ilron In tabloa JOCn to XXXTXX roroal that tho 
S_ •alnoB of phooola ara not tanoh offoetad by bighor oonoentra-
tion of addod olootrolytoa. Iblo oan ba farthor elariflod 
by tho plota glron in Flg.li A ^ « Itoonlta of rarlona eonoan-
tratlon of SOB and eTAB ayotono vlth proponol voro also atodlod 
and aoanarlsod In tablaa XfllT to XXf» 
In tba ehro»at(H|[raphy of phonola In thaaa ayatasa 
tabloa XVT to XXIItf» an axoallont dlfforantial oalaetiTity 
haa boon oboorrod vblob glraa tha dlfforontlatlon of tho 
fu Tolnoa aa a roault tha aoparatlon of iaonarlo phonola ••(• 
o-nltrophenola fron p»nltrofrtionol haa boon aohloroi, varloaa 
othor Important ooparatlono (tabla HXIT) boira boon oohlcrod 
on plain papar In about half an bmir a«g« K-oophthol fron 
roaorelnol^ 29 4^1nitrophanol fron phonol^ plorlo aoid fron 










Phloro f i l ^cJno l 
J L 







0 025 06 
p - Naphfhol 2 ,4 ,D in i t ropheno l 
10 •20 0 -025 -05 10 
Cone, of NaCI with SD5 
Fig. lUA) Ef fec t of SDS c o n c e n t r o f f o n on Rf values of Phenols in 
v a r i o u s c o n c e n t r a t i o n of Sodium C h l o r i d e . 
o • NaCI A : Zrn WL-''.;DS D : 4 m ML"'SDS 













0 J L 
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•20M 0 -025 05 










0 '0^5 05 
# < ^ ^ ^ ' 
l -Nitroso 2-Naphthol 
J L 
•20M 0 025 -05 
Cone, o f NaCl w i t h SDS 
10 •20M 







0 - 3 -
0 - 2 -













0 -OZb - 0 5 
F i 3 . i l ( D ) 
Quinol 
J L 
•20M 0 '025 '05 










Vani l l ine 
J5 












0 Ol'j -05 
Bromofhymol Blue 
•10 
U( /*Nit rophe •nyl azo) resorcinol 
• /J; • - - ^ 
. 4 
1 ... 
v; ^ "0- 2§ ^
 
•20 M 0 •025) -05 
Cone, oi "aCI with S DS 
10 •20M 
Fig. II (E) 
0-3 r 
15Z 
Di (2" hydroxyphcnyl imino) cthori.. 
8-hvdroxy - 7 - iodo Qui no l ine 












Tr ih 'ydroxV"6 ' f luQrone 
-A:.^^^^ 
.A= 
023 -05 10 
a 
•20 0 -025 -05 
Cone, o f NoCi w i l h SDS 
^- Chlorophenol 
'to 
Fig . i i (F ) 











































•i#rL 80S •• •obil* pha««, tfany t«m«ry ••paratlmis 
(tabic X H T ) hflva alto bean aohlarad on thaaa papars aaing 
•f( propanal with MHL* 8 M aa aoMla phaaa. Tha aeparatlona 
ara folek aad dlatlnot acmaa are obtaiaad an tbc papar, tlia 
raaalta of tablaa XTt to XICXXIT atiow that a Tariaty of aolrmit 
ayatana aan ba appltad for tntaraatod aaparationo* 
1 ''• 
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